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SITE SUMMARY AND RECOMMENDATIONS

Monsanto Company is located at 584 Rt. 130, in Hamilton Twp., Mercer County, New Jersey. The site
property consists of approximately 17 acres bounded on the south by Rt. 130, on the west by Georgia
Pacific, and on the north and east by wooded areas. Figures 1 and 2 provide a Site Location Map and

Site Map, respectively. The Sun Chemical Corporation currently owns the Monsanto Company

property. The Hilman Group previously owned the site property, during which Polychrome A

Corporation operated an automatic plate processing equipment assembly and maintained a national

distribution warehouse for graphics arts products (Ref. Nos. 10, 15, 17).

The site is located approximately 5 miles east of the Delaware River. The nearest surface water is Back
Creek which flows outside of the northeastern end of the property, approximately 400 feet away.
The stream flows west into the Crosswicks Creek system and eventually into the Delaware River. The
site terrain is flat, and mostly paved around the main warehouse. A railroad track spur is located
immediately west of the main warehouse. The track runs north locally, turning northeasterly as it

joins with the Conrail Railroad track (Ref. Nos. 16, 17).

Monsanto Company, which was in operation from 1961 to 1982, was responsible for the manufacture
of plastic bottles. Plastic pellets were received from outside manufacturers in railcars and occasionally
by truck, and stored in silos on-rsite. From the silos, the pellets were transferred to feed hoppers,
through grinders and into extruders. Electric'heat and the mechanical energy and pressure of the
extrusion process melted the;bell'ets. The melted plastic was extruded into molds and blown with air

to the shape of the mold.

o

The bottles were then trimmed of excess blastic, run through an open flame, packed in cartons, and
palletized for shipment. The flame gréatment was needed to make glue and/or ink stick to the
surface. The flames were provided by individual natural gas units at each production line. Propane

was used as a backup in cold weather.

The process equipment used -hydraulic fluids in the' extruders and mold heads. Various lubricants

were also used in the turn tables, conveyors, fork lifts, and other equipment.

From 1961 until 1965, the plant disposed of used machine oil by putting it on the railroad tracks to
control weeds. In 1965, the ballast under the tracks was removed to a depth of 18 inches and
replaced with clean ballast. After 1965, used oil was collected in a tank outside the maintenance shop
and sold to reclaimers. The tank was removed when Monsanto discontinued their operations in 1982.
A small amount of oil continued to find its way to the tracks until 1973. In early 1973, all oil flow to

the tracks was stopped and the oil stained ballast was replaced with new ballast.
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~ SITESUMMARY AND RECOMMENDATIONS (CONT'D)

Non-contact cooling water was pumped from a cooling tower through the extruders and discharged
to a hot well through piping in the trench which runs across one end of the building, and returned to

the cooling tower to be cycled through again.

The mainte{nance shop used solvents for cleaning machine parts. Small quantities of solvents were
also used in the quality control lab for wiping the surfaces of the bottles to test adhesion properties
and for other quality checks. Solvents were used as carriers for the inks during the short period when
the silk-screening process was operated. The method of disposal for these solvents is unknown (Ref.
Nos. 12, 19).

When Monsanto’s activities were terminated, contaminated sorbent materials were placed
temporarily in an area directly south of the loading dock. These materials were removed and the
underlying soil was eventually remediated. During the on-site reconnaissance conducted by
personnel from NUS Corporation Region 2 FIT on June 5, 1991, this area of remediation was noted to
be approximately a 70 square foot patch of sand. Two propane tanks, a propane fill area, and a
transformer are also on site (Ref. No. 17). Environ Corporation was contracted by Polychrome in 1986
to generate a sampling plan and perform a comprehensive sampling of the site. Analytical data from
sampling completed in August 1988, March 1990, and November 1990 indicate volatile, semivolatile,
polychlorinated biphenyl (PCB) and heavy metal contamination in the soil and volatile and
semivolatile contamination in the on-site monitoring wells (Ref. No. 14). Based on the lack of
groundwater use, and low waste quantity, a recommendation of NO FURTHER R(EMEDIAL ACTION
PLANNED under CERCLA/SARA, is given for the Monsanto Company site.
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SITE ASSESSMENT REPORT: SITE INSPECTION

PART [: SITE INFORMATION

02-9005-07-5|

1. Site Name/Alias Monsanto Company/Polychrome

Street 584 Rte. 130

City Hamilton Twp.

2. County Mercer

3 EPA ID No. NJD980210009

4, Block No. 598

5. Latitude 40°11' 19" N

USGS Quad. Trenton East, NJ-PA

Rev.No.C
State NJ Zip 08619
County Code 021 Cong. Dist. 4

Lot No. 41,44

Longitude 74°39' 22" W

6. Owner Sun Chemical Corp.

Street 222 Bridge Plaza So.

Tel. No. (201) 224- 4600

City Fort Lee State NJ Zip 07024
7. Operator Sun Chemical Corp. Tel. No. (201) 224-4600

Street 222 Bridge Plaza So.

City Fort Lee State NJ Zip 07024
8. Type of Ownership

Private O Federal [] State

(] County (J Municipal (QUnknown [] Other
9. Owner/Operator Notification on File

[J RCRA 3001 Date ] CERCLA 103c¢ Date

None 1 Unknown
10.  PermitiInformation

Permit Permit No. Date Issued Expiration Date Comments

None Available
11.  Site Status

(J Active Inactive ] Unknown
12.  Years of Operation 1961 1982



13.

14.
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Identify the types of waste sources (e.g., landfill, surface impoundment, piles, stained soil,
above- or below-ground tanks or containers, land treatment, etc.) on site. Initiate as many
waste unit numbers as needed to identify all waste sources on site.

(a) Waste Sources

Waste Unit No. Waste Source Type _ Facility Name for Unit
1 Contaminated Soil Temporary pile
2 Contaminated Soil Land Treatment

(b) Other Areas of Concern

Identify any miscellaneous spills, dumping, etc. on site; describe the materials and identify
their locations on site.

* Area of Concern Description
1 ' Contaminated soil located in the area of former PCB storage
dumpster.
2 Contamianted soil adjacent to former drum storage pad.
3 Contaminated soil in the area of distressed vegetation north

of the main warehouse.

4 Contaminated soil in the area of distressed vegetation located
at the eastern edge of parking lot.

5 Contaminated soil in the area of distressed vegetation
adjacent to propane tanks.

6 Transformer substation.

* Refer to Figure 3

Information available from
Contact _Amy Brochu Agency US. EPA Tel. No. _{908) 906-6802

Preparer Anthony Bonasera Agency NUS Corp. Region 2 FIT Date june 30, 1991
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PART Ill: WASTE SOURCE INFORMATION
For each of the waste units identified in Part I, complete the following items
Waste Unit 1 - FormerTemporary Pile
Source Type
Landfill X Contaminated Soil
Surface Impoundment Pile
Drums tand Treatment
Tanks/Containers : Other

Description:

Contaminated soil was found directly south of the loading dock. It is documented that contaminated
sorbent materials were placed there temporarily.

Hazardous Waste Quantity

The quantity of contaminated soil is an area approximately 70 square feet.

Hazardous Substances/Physical State

The hazardous substances are tetrachloroethylene, 1,1,1-trichloroethane, toluene, methylene
chloride, Di-sec-octyl-Phthalate and Benzidine, in a liquid state.

Ref. Nos. _13,14,17

—_—
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PART II: WASTE SOURCE INFORMATION
For each of the waste units identified in Part |, complete the following items
Waste Unit 2 - Land Treatment
Source Type
Landfill X Contaminated Sail
Surface Impoundment Pile
Drums Land Treatment
Tanks/Containers Other
Description:

Contaminated soil was documented to have existed west of the main warehouse along a section of
railroad track. Waste oil had been dumped on this area for approximately four years.

Hazardous Waste Quantity

The hazardous waste quantity is an area approximately 200 square feet.

Hazardous Substances/Physical State -

_ The hazardous substance is waste oil in a liquid state.

Ref. Nos. 13, 14,17
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PART lll: SAMPLING RESULTS
EXISTING ANALYTICAL DATA

Environ Corporation first submitted a sampling plan for Polychrome Corporation on July 15, 1986, at
the NJDEP’s request. The property was inspected on February 3, 1987 and March 27, 1987, and a
revised sampling plan was generated identifying 14 areas of environmental concern (AEC's). Figu;’es
4 and 5 provide locations for the pertinent AEC’s. The revised sampling plan was implemented on
August 1 and 2, 1988 involving the collection of 30 soil samples from 12 borings and a storm sewer
catch basin, and one water sample from a sump. Subsequently, Environ completed five hand auger
borings in the wooded portion of the property. Table | provides the sampling results, and Figure 4
provides a sample location map.

bl

In December 1989, and January 1990 three monitoring wells were installed. Additional sampling was
completed in March and November 1990. Soil sampling results and a sample location map for March,
1990 are provided in Table 2 and Figure 5 respectively. Groundwater sampling results and a sample

location map for November 1990 are provided in Table 3 and Figure 6 respectively.

Ref. Nos. 12,13, 14

SITE INSPECTION RESULTS

‘A sampling site inspection was not conducted by NUS FIT 2 personnel. Environ Corporation provided

data adequate to assess on-site contamination.
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SITE NAME: MONSANTO COMPANY TEST REPORT NO. A16894 TABLE 1
TDD#: 02-9005-07 : ‘

SAMPLING DATE: 8/1/88

LAB NAME: AnalytiKkEM

VOLATILES
Sample Designation Method Blank 1 Method Blank 1  0201-SB01 0201-SB02 0201-SB03 0301-SB0O1 Method Blank  880801-TB

Matrix Nonaqueous Nonaqueous Soil Soil Saoil Soil Aqueous * Aqueous
Units ug/kg ug/kg ug/kg ug’kg ug/kg ug’kg ug/Il ug/l

Chloromethane
Bromomethane
Vinyl Chloride - .
Chloroethane
- Methyiene Chloride » 800 140 J 514 54J 18J
1,1-Dichloroethene
1,1-Dichloroethane
trans-1,2-Dichloroethene
Chioroform
1,2-Dichloroethane
1,1,1-Trichloroethane
Carbon Tetrachioride
Bromodichloromethane
1,2-Dichloropropane
trans-1,3-Dichloropropene
Trichloroethene
Dibromochloromethane
1,1,2-Trichloroethane
Benzene
cis-1,3-Dichloropropene -
2-Chloroethyl Vinyl Ether _ ' ’
Bromoform : ' ;
Tetrachloroethene
1,1,2,2-Tetrachloroethane : 03J
Toluene 420 3600 840 990
Chlorobenzene
Ethylbenzene
m-Xylene
0,p-Xylene

NOTES: .
Blank space - Compound
analyzed for but not
detected

J - Compound was detected
at a level below the practical
quantitation limit. The level
reported is a|?proximate

* - Denotes Field Blank

0 'ON 'A9Y
IS-20-5006-20



SITE NAME: MONSANTO COMPANY TEST REPORT NO. A16894 TABLE 1
TDD#: 02-9005-07 | . (CONT'D)
SAMPLING DATE: 8/1/88 -

LAB NAME: AnalytiKEM

VOLATILES ’

Sample Designation Method Blank 2 0301-SB03 0802-SB01 Method Blank 2 0802-SB02 Method Blank 3 0301-SB02 0801-SBO1
Matrix Nonaqueous Soil Soil Nonaqueous Soil Nonaqueous Soil Saoil
Units ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg

Chloromethane
Bromomethane
Vinyl Chloride
Chioroethane : '
Methylene Chloride - 410 1800
1,1-Dichioroethene ' : ~
1,1-Dichloroethane
trans-1,2-Dichloroethene
Chiloroform
1,2-Dichloroethane -
1,1,1-Trichloroethane
Carbon Tetrachloride
Bromodichloromethane
-1,2-Dichloropropane
trans-1,3-Dichloropropene
Trichloroethene
Dibromochloromethane
1,1,2-Trichloroethane
Benzene
cis-1,3-Dichloropropene
2-Chloroethyl Vinyl Ether
Bromoform
Tetrachloroethene
1,1,2,2-Tetrachloroethane
Toluene 1300 _ 2800
Chlorobenzene :
Ethylbenzene
m-Xylene
0,p-Xylene

NOTES:

Blank space - Compound
analyzed for but not
detected

J - Compound was detected
at a level below the practical
quantitation limit. The level
reported is approximate

0 'ON ‘AsY
1S-20-5006-20
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SITE NAME: MONSANTO COMPANY TEST REPORT NO. A16894 TABLE 1
TDD#: 02-9005-07 (CONT'D)
SAMPLING DATE: 8/1/88
LAB NAME: AnalytiKEM

SEMI-VOLATILES

Sample Designation Method Blank 0201-SB01 0201-SB02 0201-SB03
Matrix - Nonaqueous Soil Soil Soil
Units ug’kg ug/kg ug/kg ug/kg

N-Nitrosodimethylamine
Bis(2-chloroethyl) Ether
1,3-Dichlorobenzene
1,4-Dichlorobenzene
1,2-Dichlorobenzene
Bis(2-chloroisopropyl) Ether
N-Nitrosodipropylamine
Hexachloroethane
Nitrobenzene

Isophorene
Bis(2-chloroethoxy)methane
1,2,4-Trichlorobenzene
Napthalene
Hexachlorocyclopentadiene
2-Chloronapthalene
Dimethyl Phtalate
Acenapthylene
Acenapthene

NOTES:

Blank space - Compound
analyzed for but not detected
J - Compound was detected at
a level below the practical
quantitation limit. The level
reported is approximate

0 "ON ‘A9Y
{S-20-6006-¢0



SITE NAME: MONSANTO COMPANY TEST REPORT NO. A16894 TABLE 1
TDD#: 02-9005-07 (CONT'D)
SAMPLING DATE: 8/1/88

LAB NAME: AnalytiKEM

SEMI-VOLATILES

Sample Designation Method Blank 0201-SB01 0201-SB02 0201-SB03
Matrix Nonaqueous Soil Soil Soil
Units ug/kg ug/kg ug/kg ug/kg

2,4-Dinitrotoluene
2,6-Dinitrotoluene

Diethyl Phthalate 1100

4-Chlorophenyl Phenyl Ether]

Flourene 90J
N-Nitrosodiphenylamine 26J

4-Bromophenyl Phenyl Ether
Hexachlorobenzene

Phenanthrene 800 33J
Anthracene 190J
Dibutyl Phthalate 22J 170J 23J
Flouranthene 1500 ’ 62J
Benzidine

- Pyrene : 1100 46J

Butylbenzyl Phthalate
3,3'-Dichlorobenzidine

Benzo(a)anthracene 780

Bis(2-ethylhexyl) Phthalate 18J 120000 170J 1200
Chrysene

Dioctyl Phthalate

Benzo(b)flouranthene 500

Benzo(k)flouranthene 420

Benzo(a)pyrene ' - 430

Indeno(1,2,3-cd)pyrene 180J

Dibenzo(a,h)anthracene
Benzo(g,h,i)perylene

NOTES:

Blank space - Compound
analyzed for but not detected
J - Compound was detected at
a level below the practical
quantitation limit. The level
reported is approximate

0 'ON '‘A®Y
IS-20-5006-20



SITE NAME: MONSANTO COMPANY
TDD#: 02-9005-07

SAMPLING DATE: 8/1/88

LAB NAME: AnalytiKEM

SEMI-VOLATILES
Sample Designation Method Blank  0301-SB01
Matrix ' Soil Soil
Units ug/kg ug/kg

TEST REPORT NO. A16894

0301-SB02 0301-SB03 Method Blank  0801-SB01
Soil Soil Nonaqueous Soil

ug’/kg ug/kg ug/kg ug/kg

'~ 0802-SBO1

TABLE 1
(CONT'D)

0802-SB02
Soil Soil
ug’kg ug’kg

N-Nitrosodimethylamine
Phenol
Bis(2-chloroethyl) Ether
1,3-Dichlorobenzene

29J 26J 27J

28J

1,4-Dichlorobenzene
1,2-Dichlorobenzene
2-Methylphenol
Bis(2-chloroisopropyl) Ether

4-Methylphenol
N-Nitrosodipropylamine
Hexachloroethane
Nitrobenzene

Isophorene

2-Nitrophenol
2,4-Dimethylphenol
Bis(2-chloroethoxy)methane

2,4-Dichlorophenol
1,2,4-Trichlorobenzene
Napthalene
Hexachlorobutadiene

4-Chloro-3-methylphenol
Hexachlorocyclopentadiene
2,4,6-Trichlorophenol
2-Chloronapthalene

Dimethyl Phtalate
Acenapthylene
Acenapthene
2,4-Dinitrophenol

NOTES:

Blank space - Compound
analyzed for but not detected
J - Compound was detected at
a level below the practical
quantitation limit. The level
reported is approximate

0 "ON A8y
1S-20-S006-20



SITE NAME: MONSANTO COMPANY
TDD#: 02-9005-07

SAMPLING DATE: 8/1/88

LAB NAME: AnalytiKEM

SEMI-VOLATILES
Sample Designation
Matrix Nonagqueous
Units ug/kg

Method Blfank 0301-SB01

Soil
ug/kg

TEST REPORT NO. A16894

Method Blank 0801-SB01
Nonaqueous Soil

ug/kg ug/kg

0301-SB02 0301-SB03
Soil Soil

ug’kg ug/kg

0802-SB01
Soil
ug’kg

TABLE 1
(CONT'D)

0802-SB02
Soil
ug/kg

4-Nitrophenol

2,4-Dinitrotoluene
2,6-Dinitrotoluene
Diethyl Phthalate

29J

4-Chlorophenyl Phenyl Ethen
Flourene
4,6--Dinitro-2-methylphenol
N-Nitrosodiphenylamine

25J

4-Bromophenyl Phenyl Ether]
Hexachlorobenzene
Pentachlorophenol
Phenanthrene

120J

24J

Anthracene
Dibutyl Phthalate 22J
Flouranthene
Benzidine

27J
30J
1504

194 22J

514

Pyrene

Butylbenzyl Phthalate
3,3"-Dichlorobenzidine
Benzo(a)anthracene

1904

80J

504
32J

32J

Bis(2-ethylhexyl) Phthalate 18J
Chrysene

Dioctyl Phthalate
Benzo(b)flouranthene

96J

44J
57J

474 514 18J 83J

100J
35J

44J

99J

Benzo(k)flouranthene
Benzo(a)pyrene ‘
Indeno(1,2,3-cd)pyrene
Dibenzo(a,h)anthracene
Benzo(g,h,i)perylene

NOTES:

Blank space - Compound
analyzed for but not detected
J - Compound was detected at
a level below the practical
quantitation limit. The level
reported is approximate

67J

25J
27J

0 "ON "A8Y
1S-20-6006-20
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SITE NAME: MONSANTO COMPANY TEST REPORT NO. A16894 TABLE 1
TDD#: 02-9005-07 (CONT'D)
SAMPLING DATE: 8/1/88
LAB NAME: AnalytiKEM

POLYCHLORINATED BIPHENYLS
Sample Designation Method Blank 0201-SB01 0201-SB02  0201-SB0O3
Matrix Nonaqueous Sail Soil Soil
Units ug/kg ug’/kg ug/kg ug/kg

Aroclor 1016
Aroclor 1221
Aroclor 1232
Aroclor 1242
Aroclor 1248
Aroclor 1254
Aroclor 1260

NOTES:

Blank space - Compound analyzed
for but not detectecf

J - Compound was detected at a
level below the practical
quantitation limit. The levei
reported is approximate

0 'ON ‘A8Y
IS-£0-G006-2¢0



SITE NAME: MONSANTO COMPANY _ TEST REPORT NO. A16894 TABLE 1
TDD#: 02-9005-07 (CONT'D)
SAMPLING DATE: 8/1/88
LAB NAME: AnalytiKkEM

PESTICIDAL COMPOUNDS AND
POLYCHLORINATED BIPHENYLS
Sample Designation Method Blank 0301-SB01  0301-SB02  0301-SB03  Method Blank 0801-SB01  0802-SBO1  0802-SB02
Matrix Nonaqueous Soil Soil Soil Nonaqueous Sail Soil Soil
Units ug’kg ug/kg ug/kg ug/kg ug’kg ug/kg ug/kg ug/kg

alpha-BHC

beta-BHC

delta-BHC
gamma-BHC (Lindane)
Heptachlor

Aldrin

Heptachlor Epoxide
Endosulfan |

Dieldrin

4,4'DDE

Endrin

Endosuifan Il

4,4'DDD ’ -~
Endosulfan Sulfate
44'DDT

Endrin Aldehyde
Chlordane
Toxaphene
Aroclor 1016
Aroclor 1221
Aroclor 1232
Aroclor 1242
Aroclor 1248 37J
Aroclor 1254
Aroclor 1260

NOTES:

Blank space - ComJ)ound analyzed
for but not detecte

J - Compound was detected at a
level below the practical
quantitation limit. The level
reported is approximate

0 'ON 'A8Y
IS-20-G006-20
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SITE NAME: MONSANTO COMPANY TEST REPORT NO. A16894 TABLE 1
TDD#: 02-9005-07 (CONT'D)
SAMPLING DATE: 8/1/88
LAB NAME: AnalytiKEM

METALS

Sample Designation Method Blank 0201-SB01 0201-SB02 0201-SB03  0301-SBO1 0301-SB02  0301-SB03
Matrix Nonaqueous Soil Soil Soil Soil Soil Soil
Units ug’kg ug’kg ug/kg ug’kg ug’kg ug/kg ug’kg
Antimony, total 2100

Arsenic, total 1400 5100 12000 5200 2500 1800
Beryllium, total 1200 890 740 750 330 400J
Cadmium, total 2900 2800 1500 2100 690 710J
Chromium, total 17000 25000 8600 13000 11000 13000
Copper, total 10000 9300 5100 6100 2600J 3000J
Lead, total 20000 21000 8900J 14000

Mercury, total 220J

Nickel, total 7300 7400 3500J 5100 3700J 3100J
Selenium, total ‘ 450J

Silver, total 2100J 1600J 1300J 1100J 1200J 13004
Thallium, total '

Zinc, total 28000 63000 1000 24000 7400 12000
NOTES:

Blank space - Com‘found analyzed
for but not detecte

J - Compound was detected at a
level below the practical
quantitation limit. The level
reported is approximate

0 'ON ‘AeYH
I1S-£0-5006-20



SITE NAME: MONSANTO COMPANY TEST REPORT NO. A16894 ' TABLE 1
TDD#: 02-9005-07 , (CONT'D)
SAMPLING DATE: 8/1/88

LAB NAME: AnalytiKEM

METALS

Sample Designation Method Biank 0801-SB01 0802-SB01 0802-SB02

Matrix Nonaqueous Saoil Soil Soil

Units ug/kg ug/kg ug/kg ug/kg

Antimony, total

Arsenic, total 2800 12000 7100

Beryllium, total 530 830 780

Cadmium, total 1700 ' 1300 1600

Chromium, total 11000 8500 14000

Copper, total 4900 7700 5200

Lead, total 11000 21000 11000

Mercury, total ’
Nickel, total 4500 6600 4700 B
Selenium, total

Silver, total 1100J 12004

Thallium, total '

Zing, total 14000 23000 7500

NOTES:

Blank space - Comcf:ound analyzed
for but not detecte

J - Compound was detected at a
level below the practical
quantitation limit. The level
reported is approximate

0 'ON 'AsY
I1S-£0-G006-20
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SITE NAME: MONSANTO COMPANY

TDD#: 02-9005-07
SAMPLING DATE: 8/2/88
LAB NAME: AnalytiKEM

VOLATILES
Sample Designation
Matrix

Units

Method Blank 1
Nonaqueous
ug/kg

Method Blank 1 1201-SB01

Nonaqueous
ug/kg

Soil
ug/kg

0101-SBO1
Soil
ug/kg

TEST REPORT NO. A16918

0101-SB02
Soil
ug’kg

TABLE 1
(CONT'D)

1001-SB01  Method Blank  0801-WB01 0503-WBO01
Soil Aqueous * Aqueous  * Aqueous

ug/kg ug/l ug/l ug/l

Chloromethane
Bromomethane
Vinyl Chioride
Chioroethane

Methylene Chloride
1,1-Dichloroethene
1,1-Dichloroethane
trans-1,2-Dichloroethene

120J

120J

740

5.0J 5.0J

Chloroform
1,2-Dichloroethane
1,1,1-Trichloroethane
Carbon Tetrachloride

7600

Bromodichloromethane
1,2-Dichloropropane
trans-1,3-Dichloropropene
Trichloroethene

Dibromochioromethane
1,1,2-Trichloroethane
Benzene
cis-1,3-Dichloropropene

2-Chloroethyl Vinyl Ether
Bromoform
Tetrachloroethene
1,1,2,2-Tetrachloroethane

7300

Toluene
Chlorobenzene
Ethylbenzene
m-Xylene
0,p-Xylene

NOTES:

Blank space - Compound
analyzed for but not
detected :

J - Compound was detected
at a level below the practical
quantitation limit. The level
reported is anproximate

* - denotes Field Blank

2704

2704

900

0 'ON 'A8Y
IS-20-5006-2¢0



SITE NAME: MONSANTO COMPANY . TEST REPORT NO. A16918 TABLE 1
TDD#: 02-9005-07 (CONT'D)
SAMPLING DATE: 8/2/88 :

LAB NAME: AnalytiKEM

VOLATILES
Sample Designation Method Blank 2  1001-SB02 1002-SB01 1002-SB02 Method Blank 0901-SB01 0901-SB02
Matrix ) Nonaqueous Soil Soil Soil Nonaqueous Soil Soil
Units ‘ ug/kg ug/kg ug’/kg ug/kg ug/kg ug/kg ug/kg

Chloromethane
Bromomethane
Vinyl Chloride
Chloroethane : :
Methylene Chloride - 210J ‘ 180J
1,1-Dichloroethene
1,1-Dichloroethane
trans-1,2-Dichioroethene
Chloroform
1,2-Dichloroethane
1,1,1-Trichloroethane
Carbon Tetrachloride
Bromodichloromethane
1,2-Dichloropropane
trans-1,3-Dichloropropene
Trichloroethene
Dibromochloromethane
1,1,2-Trichloroethane
Benzene
cis-1,3-Dichloropropene
2-Chloroethyl Vinyl Ether
Bromoform
Tetrachloroethene
1,1,2,2-Tetrachloroethane
Toluene 620
Chlorobenzene
Ethylbenzene
m-Xylene
o,p-Xylene

NOTES:

Blank space - Compound
analyzed for but not
detected

J - Compound was detected
at a level below the practical
quantitation limit. The level
reported is approximate

0 "ON 'A8Y
1S-20-G006-¢0



SITE NAME: MONSANTO COMPANY
TDD#: 02-9005-07

SAMPLING DATE: 8/2/88

LAB NAME: AnalytiKEM

SEMI-VOLATILES

Sample Designation Method Blank  1401-SWO01
Matrix Aqgeous Aqueous
Units ug/l ug/l

TEST REPORT NO. A16918

TABLE 1
(CONT'D)

N-Nitrosodimethylamine
Bis(2-chioroethyl) Ether
1,3-Dichlorobenzene
1,4-Dichlorobenzene

1,2-Dichlorobenzene
Bis(2-chloroisopropyl) Ether
N-Nitrosodipropylamine
Hexachloroethane

Nitrobenzene

Isophorene
Bis(2-chloroethoxy)methane
1,2,4-Trichlorobenzene

Napthalene
Hexachlorocyclopentadiene
2-Chloronapthalene
Dimethyl Phtalate

Acenapthylene
Acenapthene

NOTES:

Blank space - Compound
analyzed for but not
detected :

J - Compound was detected
at a level below the practical
quantitation limit. The level
reported is approximate

0 'ON "A8Y
IS-20-G006-¢0



SITE NAME: MONSANTO COMPANY TEST REPORT NO. A16918 : TABLE 1
TDD#: 02-9005-07 (CONT'D)
SAMPLING DATE: 8/2/88
LAB NAME: AnalytiKEM

SEMI-VOLATILES

Sample Designation Method Blank 1401-SWO01
Matrix _ Aqueous Aqueous
Units ug/| ug/l

2,4-Dinitrotoluene
2,6-Dinitrotoluene

Diethyl Phthalate
4-Chlorophenyl Pheny! Ethen
Flourene
N-Nitrosodiphenylamine
4-Bromophenyl Phenyl Ether
Hexachlorobenzene

Phenanthrene 0.5J
Anthracene -

Dibutyl Phthalate

Flouranthene 0.8J
Benzidine

Pyrene ‘ 0.6J

Butylbenzyl Phthalate
3,3'-Dichlorobenzidine
Benzo(a)anthracene
Bis(2-ethylhexyl) Phthalate 19
Chrysene

Dioctyl Phthalate
Benzo(b)louranthene
Benzo(k)flouranthene
Benzo(a)pyrene
Indeno(1,2,3-cd)pyrene
Dibenzo(a,h)anthracene
Benzo(g,h,i)perylene

NOTES:

Blank space - Compound
analyzed for but not
detected

J - Compound was detected
at a level below the practical
quantitation limit. The level
reported is approximate

0 'ON A8Y
IS-£0-5006-20



SITE NAME: MONSANTO COMPANY
TDD#: 02-9005-07

SAMPLING DATE: 8/2/88

LAB NAME: AnalytiKEM

SEMI-VOLATILES
Sample Designation
Matrix

Units

Method Blank  0504-SBO01
Nonaqueous Soil

ug/kg ug/kg

TEST REPORT NO. A16918

1201-SBO01 0901-SB01
Soill Soil

ug/kg ug/kg

Method Blank  0901-SB02
Nonaqueous Soil

ug/kg ug/kg

TABLE 1
(CONT'D)

0101-SBO1 0101-SB02
Soil Soil
ug/kg ug/kg

N-Nitrosodimethylamine
Phenol
Bis(2-chloroethyl) Ether
1,3-Dichlorobenzene

70J

1,4-Dichlorobenzene
1,2-Dichlorobenzene
2-Methylphenol
Bis(2-chloroisopropyl) Ether

4-Methyliphenol
N-Nitrosodipropylamine
Hexachloroethane
Nitrobenzene

Isophorene

2-Nitrophenol
2,4-Dimethylphenol
Bis(2-chloroethoxy)methane

2,4-Dichlorophenol
1,2,4-Trichlorobenzene
Napthalene
Hexachlorobutadiene

4-Chloro-3-methylphenol
Hexachlorocyclopentadiene
2,4,6-Trichlorophenol
2-Chloronapthalene

Dimethyl Phtalate
Acenapthylene
Acenapthene
2,4-Dinitrophenol

NOTES:

Blank space - Compound
analyzed for but not
detected

J - Compound was detected
at a level below the practical
quantitation limit. The level
reported is approximate

1100J

0 'ON ‘A8Y
IS-£0-5006-20



SITE NAME: MONSANTO CORPORATION
TDD#: 02-9005-07

SAMPLING DATE: 8/2/88

LAB NAME: AnalytiKEM

SEMI-VOLATILES
Sample Designation Method Blank  0504-SB01
Matrix Nonaqueous Sail
Units ug/kg ug/kg

TEST REPORT NO. A16918 TABLE 1
: _(CONT'D)

1201-SB02 0901-SB01 Method Blank 0901-SB02 0101-SB01 0101-SB02
Soil Soil Nonaqueous Soil Soil Soil
ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg

4-Nitrophenol

2,4-Dinitrotoluene
2,6-Dinitrotoluene
Diethyl Phthalate

4-Chlorophenyl Phenyl Ether|
Flourene ’
4,6--Dinitro-2-methylphenol
N-Nitrosodiphenylamine

48J

4-Bromopheny! Phenyl Ether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene

13000 43J

Anthracene
Dibutyl Phthalate
Flouranthene
Benzidine

3000J

19000 86J

Pyrene

Butylbenzyl Phthalate
3,3'-Dichlorobenzidine
Benzo(a)anthracene

17000 71J 21J
290J

9300 40J

Bis(2-ethylhexyl) Phthalate
Chrysene

Dioctyl Phthalate
Benzo(b)flouranthene

1600J 110J 80J 33J
13000 52J

5100

Benzo(k)flouranthene
Benzo{a)pyrene
Indeno(1,2,3-cd)pyrene
Dibenzo(a,h)anthracene
Benzo(g,h,i)perylene

NOTES:

Blank space - Compound
analyzed for but not
detected

J - Compound was detected
at a level below the practical
quantitation limit. The level
reported is approximate

2000J

4300

0 "ON "ASY
1S-£0-5006-20



SITE NAME: MONSANTO COMPANY TEST REPORT NO. A16918 TABLE 1
TDD#: 02-9005-07 (CONT'D)
SAMPLING DATE: 8/2/88

LAB NAME: AnalytiKEM

SEMI-VOLATILES

Sample Designation Method Blank  1001-SBO1 1001-SB02 1002-SB01 Method Blank  1002-SB02 0801-WB01 0502-SB01
Matrix Nonaqueous Soil Soil Soil Nonaqueous Soil * Aqueous Soil
Units ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/l ug/kg
N-Nitrosodimethylamine
Phenol 62J 1900
Bis(2-chloroethyl) Ether '
1,3-Dichlorobenzene 344
1,4-Dichlorobenzene 30J 130J
1,2-Dichlorobenzene 43J
. 2-Methyiphenol 25J
Bis(2-chloroisopropyl) Ether '
4-Methyiphenol 2800 2000 834

N-Nitrosodipropylamine
Hexachloroethane
Nitrobenzene
Isophorene
2-Nitrophenol
2,4-Dimethylphenol 50J
Bis(2-chloroethoxy)methane
2,4-Dichlorophenol

1,2,4-Trichlorobenzene 270J 2100 470
Napthalene 830 40J
Hexachlorobutadiene

4-Chloro-3-methylphenol
Hexachlorocyclopentadiene
2,4,6-Trichlorophenol
2-Chioronapthalene
Dimethyl Phtalate
Acenapthylene
Acenapthene
2,4-Dinitrophenol

NOTES:

Blank space - Compound
analyzed for but not
detected

J - Compound was detected
at a level below the practical
quantitation limit. The level
reported is approximate

* - Denotes Field Blank

0 'ON ‘A8Y
IS-£0-5006-20



SITE NAME: MONSANTO COMPANY TEST REPORT NO. A16918 TABLE 1
TDD#: 02-9005-07 (CONT'D)
SAMPLING DATE: 8/2/88
LAB NAME: AnalytiKkEM

SEMI-VOLATILES ‘
Sample Designation Method Blank 1001-SB01 1001-SB02 1002-SB01 Method Blank 1002-SB02 0801-WB01 0502-SB01

Matrix Nonaqueous Soil Soil Soil - Nonaqueous Soil * Aqueous Soil
Units ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/l ug/kg

4-Nitrophenol
2,4-Dinitrotoluene
2,6-Dinitrotoluene

Diethyl Phthalate
4-Chlorophenyl Phenyl Ether
Flourene
4,6--Dinitro-2-methylphenol
N-Nitrosodiphenylamine
4-Bromophenyl Phenyl Ether]
Hexachlorobenzene
Pentachlorophenol
Phenanthrene

Anthracene

Dibutyl Phthalate ‘ 21J
Flouranthene
Benzidine

Pyrene

Butylbenzyl Phthalate
3,3"-Dichlorobenzidine
Benzo(a)anthracene
Bis(2-ethylhexyl) Phthalate 57J 86J 71J
Chrysene
Dioctyl Phthalate 24J
Benzo(b)tlouranthene
Benzo(k)flouranthene
Benzo(a)pyrene
Indeno(1,2,3-cd)pyrene
Dibenzo(a,h)anthracene
Benzo(g,h,i)perylene

NOTES:

Blank space - Compound
analyzed for but not
detected

J - Compound was detected
at a level below the practical
quantitation limit. The level
reported is approximate

* - Denotes Field Blank

0 "ON ‘A9Y
1S-20-G006-20
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SITE NAME: MONSANTO COMPANY
TDD#: 02-9005-07

SAMPLING DATE: 8/2/88

LAB NAME: AnalytiKEM

SEMI-VOLATILES

TEST REPORT NO. A16918

TABLE 1
(CONT'D)

Sample Designation Method Blank  0503-SB01 0503-WB01
Matrix Nonaqueous Soil * Aqueous
Units ug’kg ug’kg ug/l
N-Nitrosodimethylamine

Phenol

Bis(2-chloroethyl) Ether
1,3-Dichlorobenzene

1,4-Dichlorobenzene
1,2-Dichlorobenzene
2-Methylphenol
Bis(2-chloroisopropyl) Ether

4-Methylphenol
N-Nitrosodipropylamine
Hexachloroethane
Nitrobenzene

Isophorene

2-Nitrophenol
2,4-Dimethylphenol
Bis(2-chloroethoxy)methane

2,4-Dichlorophenol
1,2,4-Trichlorobenzene
Napthalene
Hexachlorobutadiene

4-Chloro-3-methylphenol
Hexachlorocyclopentadiene
2,4,6-Trichlorophenol
2-Chloronapthalene

Dimethyl Phtalate
Acenapthylene
Acenapthene
2,4-Dinitrophenol

NOTES:

Blank space - Compound
analyzed for but not
detected

J - Compound was detected
at a level below the practical
quantitation limit. The level
reported is a'?proximate

* - Denotes Field Blank

0 "ON 'A9Y
1S-20-6006-20



SITE NAME: MONSANTO COMPANY - TEST REPORT NO. A16918 TABLE 1
TDD#: 02-9005-07 (CONT'D)
SAMPLING DATE: 8/2/88
LAB NAME: AnalytiKEM

SEMI-VOLATILES ' ’
Sample Designation Method Blank 0503-SB01 0503-WB01

Matrix Nonaqueous Sail * Aqueous
Units ug/kg ug/kg ug/l

4-Nitrophenol
2,4-Dinitrotoluene
2,6-Dinitrotoluene

Diethyl Phthalate
4-Chlorophenyl Phenyl Ethen
Flourene
4,6--Dinitro-2-methylphenol
N-Nitrosodiphenylamine
4-Bromophenyl Phenyl Ethern
Hexachlorobenzene
Pentachlorophenol
Phenanthrene

Anthracene

Dibutyl Phthalate 35J
Flouranthene
Benzidine
Pyrene 180J
Butylbenzyl! Phthalate
3,3"-Dichlorobenzidine
Benzo(a)anthracene
Bis(2-ethylhexyl) Phthalate
Chrysene

Dioctyl Phthalate 3700
Benzo(b)flouranthene
Benzo(k)flouranthene
Benzo(a)pyrene
Indeno(1,2,3-cd)pyrene
Dibenzo(a,h)anthracene
Benzo(g,h,i)perylene

NOTES:

Blank space - Compound
analyzed for but not
detected

J - Compound was detected
at a level below the practical
quantitation limit. The level
reported is approximate

* - Denotes Field Blank

0 'ON 'AdY
1S-20-5006-20



SITE NAME: MONSANTO COMPANY
TDD#: 02-9005-07

SAMPLING DATE: 8/2/88

LAB NAME: AnalytiKEM

POLYCHLORINATED BIPHENYLS : ‘
Sample Designation Method Blank 1401-SW01

Matrix Aqueous Aqueous
Units : ug/l ug/|

TEST REPORT NO. A16918

TABLE 1
(CONT'D)

Aroclor 1016
Aroclor 1221
Aroclor 1232
Aroclor 1242

Aroclor 1248
Aroclor 1254
Aroclor 1260

NOTES:

Blank space - Compound
analyzed for but not
detected

J - Compound was detected
at a level below the practical
quantitation limit. The level
reported is approximate

0 'ON 'AdY
IS-£0-G006-20



TEST REPORT NO. A16918 TABLE 1

SITE NAME: MONSANTO CORPORATION
TDD#: 02-9005-07

SAMPLING DATE: 8/2/88

LAB NAME: AnalytiKEM

PESTICIDAL COMPOUNDS AND
POLYCHLORINATED BIPHENYLS
Sample Designation Method Blank 0504-SB01
Matrix Nonaqueous Soil

Units ug’kg ug/kg

1201-SB01
Soil
ug/kg

0901-SBO1
Soil
ug’kg -

(CONT'D)

Method Blank 0901-SB02  0101-SB01  0101-SB02
Nonaqueous Soil Soil Soil
ug/kg ug/kg ug/kg ug/kg

alpha-BHC

beta-BHC

delta-BHC
gamma-BHC (Lindane)

Heptachlor

Aldrin

Heptachlor Epoxide
Endosulfan |

Dieldrin
4,4'DDE
Endrin
Endosulfan Il

4,4'DDD
Endosulfan Sulfate
4,4'DDT

Endrin Aldehyde

Chlordane
Toxaphene
Aroclor 1016
Aroclor 1221

Aroclor 1232
Aroclor 1242
Aroclor 1248
Aroclor 1254
Aroclor 1260

NOTES:

Blank space - Compound
analyzed for but not
detected

J - Compound was detected
at a level below the practical
quantitation limit. The level
reported is approximate

0 'ON "A9Y
IS-£0-5006-20



SITE NAME: MONSANTO COMPANY TEST REPORT NO. A16918 | TABLE 1
TDD#: 02-9005-07 (CONT'D)
SAMPLING DATE: 8/2/88
LAB NAME: AnalytiKEM

PESTICIDAL COMPOUNDS AND
POLYCHLORINATED BIPHENYLS
Sample Designation Method Blank 1001-SBO1  1001-SB02  1002-SB0O1  Method Blank 1002-SB02  0801-WB01  0502-SBOf1
Matrix Nonaqueous Soil Soil Soil Nonaqueous Soil * Aqueous Soil
Units ug’kg ug’kg ug’kg ug’kg ug/kg ug/kg ug/l ug’kg

alpha-BHC

beta-BHC

delta-BHC
gamma-BHC (Lindane)
Heptachlor

Aldrin

Heptachlor Epoxide
Endosulfan |

Dieldrin

4,4'DDE

Endrin

Endosulfan i

4,4'DDD

Endosulfan Sulfate
4,4'DDT

Endrin Aldehyde
Chlordane

Toxaphene

Aroclor 1016

Aroclor 1221

Aroclor 1232

Aroclor 1242 79000 660 6600 1800
Aroclor 1248
Aroclor 1254
Aroclor 1260

NOTES:

Blank space - Compound
analyzed for but not
detected

J - Compound was detected
at a level below the practical
quantitation limit. The level
reported is approximate

* - Denotes Field Blank

0 'ON 'AdY
IS-20-5006-2¢0



SITE NAME: MONSANTO COMPANY TEST REPORT NO. A16918
TDD#: 02-9005-07

SAMPLING DATE: 8/2/88

LAB NAME: AnalytiKEM

PESTICIDAL COMPOUNDS AND

POLYCHLORINATED BIPHENYLS
Sample Designation Method Blank 0503-SB01  0503-WBO01
Matrix Nonaqueous Soil * Aqueous

Units ug/kg ug’kg ug/l

TABLE 1
(CONT'D)

alpha-BHC

beta-BHC

delta-BHC
gamma-BHC (Lindane)

Heptachlor

Aldrin

Heptachlor Epoxide
Endosulfan |

Dieldrin
4,4'DDE
Endrin
Endosulfan I

4,4'DDD
Endosulfan Sulfate
4,4'DDT

Endrin Aldehyde

Chlordane
Toxaphene
Aroclor 1016
Aroclor 1221

Aroclor 1232
Aroclor 1242 2404
Aroclor 1248
Aroclor 1254
Aroclor 1260

NOTES:

Blank space - Compound
analyzed for but not
detected

J - Compound was detected
at a level below the practical
quantitation limit. The level
reported is approximate

* - Denotes Field Blank

0 "ON 'AsH
1S-£0-6006-20



SITE NAME: MONSANTO COMPANY TEST REPORT NO. A16918 TABLE 1
TDD#: 02-9005-07 (CONT'D)
SAMPLING DATE: 8/2/88
LAB NAME: AnalytiKEM

METALS

Sample Designation Method Blank "0504-SB01 1201-SB01 0901-SBO1 0901-SB02 0101-SBO1 0101-SB02 1001-SB0O1
Matrix " Nonagueous Soil Soil Soil Soil Soil Soil Soil
Units ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug’kg ug’kg
Antimony, total 510J -

Arsenic, total 15000 2500 -12000 4000 13000 20000 3800
Beryllium, total 1100 1200
Cadmium, total 8400 6200 10000 13000

Chromium, total 36000 86000 16000 18000 40000 42000 18000
Copper, total 160000 14000 51000 . 65000

Lead, total ’ 96000 51000

Mercury, total

Nickel, total ‘ 47000 : 23000 28000

Selenium, total

Silver, total

Thallium, total

Zinc, total : 48000 170000 29000 22000 81000 77000 35000
NOTES:

Blank space - Compound
analyzed for but not
detected

J - Compound was detected
at a level below the practical
quantitation limit. The level
reported is approximate

0 'ON A9y
IS-20-5006-20



TABLE 1
(CONT'D)

SITE NAME: MONSANTO COMPANY

TDD#: 02-9005-07
SAMPLING DATE: 8/2/88
LAB NAME: AnalytiKEM

METALS

Sample Designation
Matrix

Units

Method Blank 1001-SB02
Nonaqueous Soil
ug/kg ug/kg

TEST REPORT NO. A16918

1002-SB01 1002-SB02 0801-wWB01
Soil Soil * Aqueous

ug’kg ug’kg ug/l

0502-SB01
Soil
ug/kg

0503-SB01
Soil
ug/kg

~ 0503-WB01

* Aqueous
ug/l

Antimony, total
Arsenic, total

Beryllium, total
Cadmium, total

14000

11000

3600 46000 2.7J

6000 26000

2400
18000

17000

44000

12000

Chromium, total
Copper, total

. Lead, total
Mercury, total

43000

22000 78000
25000 140000

52000
95000

38000
63000

Nickel, totai
Selenium, total -
Silver, total
Thallium, total
Zinc, total

NOTES:

Blank space - Compound
analyzed for but not
detected

J - Compound was detected
at a level below the practical
quantitation limit. The level
reported is approximate

* - Denotes Field Blank

62000

41000

38000 120000 75

24000

67000

62000

40

180

0 'ON 'A8Y
IS-2£0-5006-20
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SITE NAME: MONSANTO CORPORATION

TOD#: 02-9005-07
SAMPLING DATE: 3/1/90
LAB NAME: AnalytiKkEM

VOLATILES
Sample Designation
Matrix

Units

Method Blank 1 Method Blank 1  1002-PEOQ1

Nonageous
ug/kg

Nonageous
ug/kg

Soil
ug/kg

1002-PEQ2
Soil
ug/kg

TEST REPORT NO. A21268

1002-PEO3
Soil
ug/kg

1002-PEQ4
Soil Soil
ug/kg ug/kg

1002-PE0S

TABLE 2

1001-PEO1

Soil
ug/kg

Chloromethane
Bromomethane
Vinyl Chloride
Chloroethane

Methylene Chloride
1,1-Dichloroethene
1,1-Dichloroethane
trans-1,2-Dichloroethene

670

560

Chloroform
1,2-Dichloroethane
1,1,1-Trichloroethane
Carbon Tetrachloride

6600

1900

Bromodichloromethane
1,2-Dichloropropane
trans-1,3-Dichloropropene
Trichloroethene

Dibromochloromethane
1,1,2-Trichloroethane
Benzene
cis-1,3-Dichloropropene

2-Chloroethyl! Vinyl Ether
Bromoform
Tetrachloroethene
1,1,2,2-Tetrachloroethane

220J

5700

1100

Toluene
Chlorobenzene
Ethylbenzene
m-Xylene
o.p-Xylene

NOTES:

Blank space - Compound
analyzed for but not
detected

J - Compound was detected
at a level below the practical
quantitation limit. The level
reported is approximate

280J

510

470

0 'ON "A8Y
1S-£0-5006-20



SITE NAME: MONSANTO COMPANY

TOD#: 02-9005-07
SAMPLING DATE: 3/1/90
LAB NAME: AnalytiKEM

VOLATILES
Sample Designation
Matrix

Units

TABLE 2
(CONT'D)

TEST REPORT NO. A21268

0201-PEO4
Soil
ug/kg

0201-PEO3
Soil
ug/kg

1001-PEQS
Soil
ug/kg

0201-PEO1
Soil
ug’kg

1001-PEO4
Soil
ug/kg

Method Blank 2 Method Blank 2 1001-PE03
Nonaqueous Nonaqueous Soil

ug/kg ugkg ug’kg

Chloromethane
Bromomethane .
Vinyl Chloride
Chloroethane

Methylene Chloride
1,1-Dichloroethene
1,1-Dichloroethane
trans-1,2-Dichloroethene

510

Chioroform
1,2-Dichloroethane
1,1,1-Trichloroethane
Carbon Tetrachloride

740

Bromodichloromethane
1,2-Dichloropropane
trans-1,3-Dichloropropene
Trichloroethene

Dibromochloromethane
1,1,2-Trichloroethane
Benzene
cis-1,3-Dichloropropene

2-Chloroethyl Vinyl Ether
Bromoform
Tetrachloroethene
1,1,2,2-Tetrachloroethane

510 1200 2504

Toluene
Chlorobenzene
Ethylbenzene
m-Xylene
0,p-Xylene

NOTES:

Blank space - Compound
analyzed for but not
detected

J - Compound was detected
at a level below the practical
quantitation limit. The level
reported is approximate

0 'ON A8y
1S-2£0-5006-2¢0



SITE NAME: MONSANTO COMPANY
TDD#: 02-9005-07

. SAMPLING DATE: 3/1/90
LAB NAME: AnalytiKkEM

VOLATILES
Sample Designation Method Blank 3  1001-WB01
Matrix Ageous * Aqueous
Units : ug/l ug/l

TEST REPORT NO. A21268 TABLE 2

(CONT'D)

0201-PE0O5
Sail
ug/kg

1001-WC01
Composite Soil
ug/kg

1001-PEO2
Soil
ug’/kg

0201-PEQ2
Soil
ug/kg

0214-TB01  Method Blank 4
* Aqueous Nonaqueous

ug/l ug/kg

Chioromethane
Bromomethane
Vinyl Chloride
Chloroethane

Methylene Chloride
1,1-Dichloroethene
1,1-Dichloroethane
trans-1,2-Dichloroethene

490 660

Chloroform
1,2-Dichloroethane
1,1,1-Trichloroethane
Carbon Tetrachloride

7900

Bromodichloromethane
1,2-Dichloropropane
trans-1,3-Dichloropropene
Trichloroethene

Dibromochloromethane
1,1,2-Trichloroethane
Benzene
cis-1,3-Dichloropropene

2-Chloroethyl Vinyl Ether
Bromoform
Tetrachloroethene
1,1,2,2-Tetrachloroethane

Toluene
Chlorobenzene
Ethylbenzene
m-Xylene
0,p-Xylene

NOTES:

Blank space - Compound
“analyzed for but not
detected

J - Compound was detected
at a level below the practical
quantitation limit. The level
reported is a'gproximate

* - Denotes Field Blank

0 'ON ‘ASH
1S-£0-5006-20



SITE NAME: MONSANTO CORPORATION
TDD#: 02-9005-07

SAMPLING DATE: 3/1/90

LAB NAME: AnalytiKEM

SEMI-VOLATILES

TABLE 2
(CONT'D)

TEST REPORT NO. A21268

~Sample Designation Method Blank  0201-PEQ1 0201-PE02 0201-PEO3 Method Blank  0201-PE04 0201-PEO5
Matrix Nonaqueous Soil Soil Soil Nonaqueous Soil Soil
Units . ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg

N-Nitrosodimethylamine
Bis(2-chloroethyl) Ether
1,3-Dichlorobenzene
1,4-Dichlorobenzene

1,2-Dichlorobenzene
Bis(2-chloroisopropyt) Ether
N-Nitrosodipropylamine
Hexachloroethane

Nitrobenzene

Isophorene
Bis(2-chloroethoxy)methane
1,2,4-Trichlorobenzene

Napthalene
Hexachlorocyclopentadiene
2-Chloronapthalene
Dimethyl Phtalate

Acenapthylene
Acenapthene

NOTES:

Blank space - Compound
analyzed for but not
detected

J - Compound was detected
at a level below the practical
quantitation limit. The level
reported is approximate

0 'ON ‘A3Y
1S-£0-5006-20
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SITE NAME: MONSANTO CORPORATION

TDD#: 02-9005-07
SAMPLING DATE: 3/1/90
LAB NAME: AnalytiKkEM

SEMI-VOLATILES
Sample Designation
Matrix

Units

Method Blank 0201-PEQ1

Nonaqueous
ug/kg

Soil
ug/kg

TEST REPORT NO. A21268 TABLE 2

(CONT'D)

Method Blank 0201-PE04  0201-PE05
Nonaqueous Soil Soil
ug/kg ug/kg ug/kg

0201-PEQ2 0201-PEO3
Soil Soil
ug/kg ug/kg

2,4-Dinitrotoluene
2,6-Dinitrotoluene
Diethyl Phthalate
4-Chlorophenyl Phenyl Ether

Flourene
N-Nitrosodiphenylamine
4-Bromophenyl Phenyl Ether,
Hexachlorobenzene

Phenanthrene
Anthracene
Dibutyl Phthalate
Flouranthene

Benzidine

Pyrene

Butylbenzyl Phthalate
3,3"-Dichlorobenzidine

Benzo(a)anthracene
Bis(2-ethylhexyl) Phthalate
Chrysene .
Dioctyl Phthalate

110J 86J 49J

Benzo(b)flouranthene
Benzo(k)flouranthene
Benzo(a)pyrene
Indeno(1,2,3-cd)pyrene

Dibenzo(a,h)anthracene
Benzo(g,h.i)perylene

NOTES:

Blank space - Compound
analyzed for but not
detected

J - Compound was detected
at a level below the practical
quantitation limit. The level
reported is approximate

0 "ON "AdY
1S-£0-5006-2¢0



SITE NAME: MONSANTO CORPORATION

TDD#: 02-9005-07 |
SAMPLING DATE: 3/1/90
LAB NAME: AnalytiKEM

POLYCHLORINATED BIPHENYLS
Sample Designation

Matrix

Units

Method Blank 1002-PEO1
Nonaqueous Soil
ug/kg ug/kg

TEST REPORT NO. A21268

1002-PEO2 1002-PEO3 1002-PE0O4
Soil Soll : Soil
ug/kg ug/kg ug/kg

1002-PEO5S
Soil
ug/kg

TABLE 2
(CONT'D)

1001-PEO1 1001-PEO2
Soil Soil
ug/kg ug/kg

Aroclor 1016
Aroclor 1221
Aroclor 1232
Aroclor 1242

22000

. 680000

5400 100000

520000

3200 120000

Aroclor 1248
Aroclor 1254
Aroclor 1260

NOTES:

Blank space - Compound
analyzed for but not
detected

J - Compound was detected
at a level below the practical
quantitation limit. The level
reported is approximate

2100J

59000 410 8200

55000

170J 32000J

0 'ON ‘AsY
1S-£0-5006-20



SITE NAME: MONSANTO COMPANY TEST REPORT NO. A21268 TABLE 2

TDD#: 02-9005-07 (CONT'D)
SAMPLING DATE: 3/1/90

LAB NAME: AnalytiKEM

POLYCHLORINATED BIPHENYLS

Sample Designation Method Blank 1001-PE03 1001-PEO4 1001-PE05 1001-WCO1 0401-WCO01 1000-WCO01 1001-WBO01
Matrix Nonaqueous Soil Sail Soil Composite Soil Composite Soil Composite Soil  * Aqueous
Units ug/kg ug’kg ug’kg ug’kg ug’kg ug’kg ug’kg ug/l
Aroclor 1016

Aroclor 1221

Aroclor 1232

Aroclor 1242 830000 798000 20000 53000 400 83000

Aroclor 1248

Aroclor 1254 42000 11000 3000J 5400 444 6700

Aroclor 1260

NOTES:

Blank space - Compound
analyzed for but not
detected

J - Compound was detected
at a level below the practical
quantitation limit. The level
reported is approximate

* - Denotes Field Blank

0 "ON ‘A8Y
1S-£0-6006-20



SITE NAME: MONSANTO CORPORATION TEST REPORT NO. A21268 TABLE 2
TDD#: 02-9005-07 (CONT'D)
SAMPLING DATE: 3/1/90

LAB NAME: AnalytiKEM

METALS

Sample Designation Method Blank " 1002-PEO1 1002-PEO2 1002-PEO3 1002-PE04 1002-PEOQS 1001-PEO1
Matrix Nonaqueous Soil Soil Soil Soil Soil Soil

Units ug/kg ug/kg ug/kg ug/kg ug/kg ug’kg ug’kg

Arsenic, total 19000 3400 6200 7200 44000 13000

Cadmium, total

NOTES:

Blank space - Compound
analyzed for but not
detected

J - Compound was detected
at a level below the practical
quantitation limit. The level
reported is approximate

0 'ON ‘A9H
1S-£0-5006-20



SITE NAME: MONSANTO COMPANY TEST REPORT NO. A21268 TABLE 2
TDD#: 02-9005-07 (CONT'D)
SAMPLING DATE: 3/1/90
LAB NAME: AnalytiKEM

METALS )

Sample Designation 1001-PEQ2 1001-PEO3 1001-PEO4 1001-PEOS 1001-WB01
Matrix Soil Soil Soil Soil * Aqueous
Units ' : ug’kg ug/kg ug’kg ug/kg ug/l
Arsenic, total 4300 5600 4900 22000

Cadmium, total

NOTES:

Blank space - Compound
analyzed for but not
detected

J - Compound was detected
at a level below the practical
quantitation limit. The level
reported is approximate

* - Denotes Field Blank

0 "ON ‘AdY
1S-20-S006-20
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SITE NAME: MONSANTO COMPANY TEST REPORT NO. A23042 TABLE 3
TDD#: 02-9005-07

SAMPLING DATE: 11/1/90

LAB NAME: AnalytiKkEM

VOLATILES : )
Sample Designation Method Blank MW03-GW02 MWO02-GW02 MWO04-GW02 Method Blank MWO06-GWO01 MWO05-GW01 FB-901023 TB-901023
Matrix Ageous Aqueous Aqueous Aqueous Aqueous Aqueous Aqueous *Aqueous  *Aqueous

Units ug/| ug/l ug/l ug/l ug/| ug/l ug/l ug/| ug/l

Chioromethane
Bromomethane
Vinyl Chloride
Chloroethane _
Methylene Chloride 1.0J 24J 097 J 1.1J -1.0J 1.2J 1.2J 51J 38J
1,1-Dichloroethene 1

1,1-Dichloroethane 12

trans-1,2-Dichloroethene 35

Chloroform ' )

1,2-Dichloroethane
1,1,1-Trichloroethane 7.0J 14
Carbon Tetrachloride )

Bromodichloromethane
1,2-Dichloropropane
trans-1,3-Dichloropropene
Trichloroethene 18
Dibromochloromethane
1,1,2-Trichloroethane
Benzene
cis-1,3-Dichloropropene
2-Chloroethyl Vinyl Ether

Bromoform _

Tetrachloroethene A 89 41J 091J
1,1,2,2-Tetrachloroethane 1.2J
Toluene 13J
Chlorobenzene 15J
Ethylbenzene 11J
m-Xylene

o,p-Xylene

NOTES:

Blank space - Compound
analyzed for but not
detected

J - Compound was detected
at a level below the practical
quantitation limit. The level
reported is approximate

* - Denotes Field Blank

0 'ON ‘AsY
I1S-£0-5006-20

i
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PARTIV: HAZARD ASSESSMENT

GROUNDWATER ROUTE

Describe the likelihood of a release of contaminant(s) to the groundwater as follows:
observed release, suspected release, or none. Identify contaminants detected or suspected
and provide a rationale for attributing them to the site. For observed release, define the
supporting analytical evidence.

A release to groundwater is observed. The on-site monitoring wells are screened in a surficial
aquifer with sediment types characteristic of gravel to a medium coarse sand, interbedded with
minor beds of silty sand. General shallow groundwater flow is north-northeast toward Back
Creek. The Merchantviile Clay underlies the shallow aquifer and ranges from 50-60 feet in
thickness and possesses a permeability of 107 to 10 cm/sec. Analytical results from March
1990 sampling indicate a release of volatile organics to shailow groundwater. Trans-1,2-
Dichloroethene, 1,1,1-trichloroethane, trichloroethene, and tetrachloroethene were found in
monitoring well No. 4 at 61 micrograms per liter (ug/L), 26 ug/L, 61 ug/L, and 250 ug/L,
respectively. Monitoring well No. 4 is a downgradient well and no levels of contamination
were reported in the upgradient and the other monitoring wells on site. Two additional wells
were installed on September 8, 1990; monitoring weli No. 5 was installed directly east of the
main warehouse and monitoring well No. 6 was installed north-northeast of monitoring well
No. 4, providing a further downgradient representation. Analytical results from November
1990 indicate 1,1-Dichloroethane and 1,1-Dichloroethene in monitoring well No. 5 at
concentrations of 12 ug/L and 11 ug/L, respectively. 1,1,1-trichloroethane was found in
monitoring well No. 6 at a concentration of 14 ug/L. Monitoring well No. 4 again indicated the
presence of volatile organics. Trans-1,2-Dichloroethene, trichiordethene, and
tetrachloroethene were found at concentrations of 35 ug/L, 18 ug/L and 89 ug/L, respectively.
The presence of part of the volatile organics in the surficial aquifer can possibly be attributed
to chemical sorbent materials that were stored temporarily on the ground south-southwest
and upgradient of monitoring wells Nos. 4 and 6. No contaminants were detected in
upgradient monitoring well No.2.

Ref. Nos. 12, 13, 14

Describe the aquifer of concern; include information such as depth, thickness, geologic
composition, areas of karst terrain, permeability, overlying strata, confining layers,
interconnections, discontinuities, depth to water table, groundwater flow direction.

The aquifer of concern is the Raritan Formation consisting of predominantly light colored
sands and clays which vary rapidly in color, sorting, and grain size, both vertically and
horizontally, throughout their thickness. The Magothy Formation rests disconformably above
the Raritan, and ranges from 25-125 feet of fine white sands and clays characterized by mica
and carbonized wood. The sands of the Magothy and Raritan Formations are so
interconnected that the two units act as a single aquifer. The depth to the water table varies
from approximately 57 to 61 feet. Groundwater flows north-northeast, toward Back Creek,
with a gradient of about 0.005 feet/foot. Approximately 70 to over 100 feet of black clays of
the Merchantville and of the overlying Woodbury Formations are found above the Magothy in
a band from 2.5 to 3 miles wide, extending from Yardville and Crosswicks through Robbinsville
and Windsor to and beyond Hightstown. The Raritan Formation along Rte. 130 is made up of
coarser, thick, well-sorted sands. The Merchantville and Woodbury Clays underlie these sands.
The Merchantville is a black glauconitic micaceous clay from 50 to 60 feet thick, with a
permeability of 10-7 to 10-10 cm/sec, which rests disconformably on the Magothy. The
Woodbury Clay is also black and about 50 feet thick, but is non-glauconitic clay. It is
conformable with the Merchantville below and the Englishtown Formation above.

Ref.No.9



02-9005-07-SI
Rev. No. 0O

Is a designated well head protection area within 4 miles of the site?
A designated well head protection area does not exist within 4 miles of the site.
Ref. No. 8

What is the depth from the lowest point of waste disposal/storage to the highest seasonal
level of the saturated zone of the aquifer of concern?

The depth from the lowest point of waste disposal/storage to the highest level of the saturated
zone of the aquifer of concern is 0 feet. Contamination from on-site waste exists in the shallow -
groundwater.

Ref. Nos. 12, 17

What is the permeability value of the least permeable continuous intervening stratum
between the ground surface and the aquifer of concern?

The least permeable continuous intervening stratum between the ground surface and the
aquifer of concern is the Merchantville Clay, which possesses a permeability value of 107 to
10"% cm/sec.

Ref. Nos. 9, 11

What is the net precipitation for the area?

The net annual precipitation for the area is approximately 17.64 inches.
Ref. No. 6 .

What is the distance to and depth of the nearest well that is currently used for drinking
purposes?

The distance to the nearest well that is currently used for drinking purposes is approximately
1,900 feet. The depth of this well is 123 feet.

Ref. Nos. 16, 18

If a release to groundwater is observed or suspected, determine the number of people that
obtain drinking water from wells that are documented or suspected to be located within the
contamination boundary of the reiease.

There are no wells providing drinking water that are documented or suspected to be located
within the contamination boundary of the release.

Ref. Nos. 13,14, 16, 18



9.

10.

02-9005-07-SI
Rev. No. 0

Identify the population served by wells located within 4 miles of the site that draw from the
aquifer of concern.

Distance Population

0-1mi 7 0
>L-1mi 4
>1-1mi 0
>1-2mi 8,277
>2-3mi 8,322
>3-4mi 57

Ref. Nos. 16, 18, 20, 21

Identify uses of groundwater within 4 miles of the site (i.e. private drinking source, municipal
source, commercial, irrigation, unuseable).

Groundwater within 4 miles of the site is used for public, commercial, industrial, institutional,
irrigational, and domestic supply.

Ref. Nos. 16, 18, 20

SURFACE WATER ROUTE

11.

12.

13.

14.

Describe the likelihood of a release of contaminant(s) to surface water as follows: observed
release, suspected release, or none. ldentify contaminants detected or suspected and provide
a rationale for attributing them to the site. For observed release, define the supporting
analytical evidence.

A release of contaminants to surface water is suspected. Contamination exists in the shaliow
aquifer (6-12 ft) and the nearest downslope surface water is Back Creek, approximately 400
feet northeast of the site property line. Groundwater flow is north-northeast, and it is
probable that the aquifer discharges to Back Creek.

Ref. Nos. 9, 14,17,20

Identify the nearest downslope surface water. If possible, include a description of possible

surface drainage patterns from the site.

The nearest downslope surface water is Back Creek. There is ho defined pathway for surface
drainage from the site.

Ref. Nos. 16, 17

What is the distance to the nearest downslope surface water? Measure the distance along a
course that runoff can be expected to follow.

The distance to the nearest downslope surface water is approximately 400 feet.
Ref. No. 16

Determine the floodplain that the site is ocated within.
The site is outside a 500-year floodplain.
Ref.No.7
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15.

16.

17.

18.

19.

20.

21.

22.

02-9005-07-SI
Rev.No. 0

What is the 2-year 24-hour rainfall?
The 2-year 24-hour rainfall is approximately 3.5 inches.
Ref. No.5

Identify drinking water intakes in surface waters within 15 miles downstream of the site. For
each intake identify: the distance from the point of surface water entry, population served,
and stream flow at the intake location.

There are no drinking water intakes in surface waters within 15 miles downstream of the site.
Ref. Nos. 3,4, 16

Identify fisheries that exist within 15 miles downstream of the point of surface water entry.
For each fishery specify the following information:

 Fishery Water Body Type Flow (cfs
Delaware River River >10,000
Ref. No. 16

Identify sensitive environments that exist within 15 miles of the point of surface water entry.
For each sensitive environment specify the following:

There are no sensitive environments within 15 miles of the point of surface water entry.
Ref. No. 16

If a release to surface water is observed or suspected, identify any intakes, fisheries, and
sensitive environments from question Nos. 16-18 that are or may be located within the
contamination boundary of the release.

There is no data that indicates a release from the facility to surface water.
Ref. Nos. 12,13, 14,17

SOIL EXPOSURE PATHWAY

Determine the number of people that occupy residences or attend school or day care on or
within 200 feet of the site property.

There are no residences, schools, or day care centers on or within 200 feet of the site property.
Ref. No. 17

Determine the number of people that work on or within 200 feet of the site property.
There are no people that work on or within 200 feet of the site property.
Ref. No. 17

Identify terrestrial sensitive environments on or within 200 feet of the site propérty.

There are no terrestrial sensitive environments on or within 200 feet of the site property.
Ref: No. 17 |
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AIR ROUTE

23.

24,

25.

26.

27.

Describe the likelihood of release of contaminants to air as follows: observed release,
suspected release, or none. Identify contaminants detected or suspected and provide a
rationale for attributing them to the site. For observed release define the supporting
analytical evidence.

There is little potential for a release of contaminants to the air due to the nature of the waste
materials deposited on site. These materials consisted primarily of waste oil, which was
deposited surficially. '

Ref.Nos. 13,14, 17

Determine populations that reside within 4 miles of the site.

Distance Population
0-Imi 0
>1-Imi 235
I-1mi | 2,604
>1-2mi 14,843
>2-3mi 23,877
>3-4mi 24,702
“Ref. Nos. 2, 16

Identify sensitive environments and wetlands acreage within 1 mile of the site.

There are no known sensitive environments or wetlands acreage within 3 mile of the site.
Ref. No. 16

If a release to air is observed or suspected, determine the number of people that reside or are
suspected to reside within the area of air contamination from the release.

A release to air has not been documented in background information and is not suspected.
Ref. Nos. 12,13, 14, 17

If a release to air is observed or suspected, identify any sensitive environments, listed in
question No. 25, that are or may be located within the area of air contamination from the
release.

A release to air has not been documented in background information and is not suspected.

_Ref. Nos. 12,13, 14, 17
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EXHIBIT A
PHOTOGRAPH LOG

MONSANTO CORPORATION
HAMILTON TOWNSHIP, NEW JERSEY

ON-SITE RECONNAISSANCE? JUNE 5, 1991

02-9005-07-SI
Rev. No. 0
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Photo Number

1P-1

1P-2,3

1P'4’5

1P-6

1P-7

1P-8,9

1P-10

1P-11
1P-12
1P-13
1P-14
1P-15

MONSANTO CORPORATION
HAMILTON TOWNSHIP, NEW JERSEY
JUNE 5, 1991
PHOTOGRAPH INDEX

ALL PHOTOGRAPHS WERE TAKEN BY ANTHONY J. BONASERA

Description
View looking south at monitoring well No. 2.

Panoramic- view looking north at the western side of the main
warehouse.

Panoramic view looking west at the transformer area and the
southern end of the office building. '

View looking east at monitoring well in parking lot, directly
east of the main warehouse.

View looking north at excavated material. Monitoring well
No. 4 in background.

Panoramic view looking southwest at south eastern side of
main warehouse.

View looking west at north eastern side of the main
warehouse.

View looking north of fenced in propane tank.

View looking east at probane fill pipe_area.

View looking west at the northern end of the main warehouse.
View looking north at water tank.

View of monitoring'we11 between rail tracks, directly west
of the main warehouse.

02-9005-07-SI
Rev. No. 0

Time
0926

0930
0935
0950
1000
1005
1005

1010
1015
1020
1025
1030
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MONSANTC CORPORATION, HAMILTON TOWNSHIP, NEW JERSEY

1P-1 June 5, 1991 0926
View looking south at monitoring well No. 2.




INUS

MONSANTO CORPORATION, HAMILTON TOWNSHIP, NEW JERSEY

1P-2,3 : June 5, 1991 0930
Panoramic view looking north at the western side of the main warehouse.

*ADY
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1P-4,5

HNIUS
CORPORATION

MONSANTO CORPORATION, HAMILTON TOWNSHIP, NEW JERSEY

June 5, 1991 0935
Panoramic view looking west at the transformer area and the southern end of the
office building.

A3y

0 "ON
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MONSANTO CORPORATION, HAMILTON TOWNSHIP, NEW JERSEY

1P-6 June 5, 1991 0950
View looking east at monitoring well in parking lot,
directly east of the main warehouse.

1P-7 June 5, 1991 1000
View looking north at excavated material. Monitoring well
No. 4 in background.




HINUS o

MONSANTO CORPORATION, HAMILTON TOWNSHIP, NEW JERSEY

1P-8,9 June 5, 1991 1005
Panoramic view looking southwest at south eastern side of the main warehouse.

0 "ON "A3Yy
1S-£0-5006-20
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MONSANTO CORPORATION, HAMILTON TOWNSHIP, NEW JERSEY

1P-10 June 5, 1991 1005
View looking west at north eastern side of the main
warehouse.

1p-11 June 5, 1991 | 1010
View looking north of fenced in propane tanks.
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MONSANTO CORPORATION, HAMILTON TOWNSHIP, NEW JERSEY

1P-12 June 5, 1991 1015
View looking east at propane fill pipe area.

1P-13 June 5, 1991 1020
View Tooking west at the northern end of the main warehouse.
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MONSANTO CORPORATION, HAMILTON TOWNSHIP, NEW JERSEY

1P-14 June 5, 1991 1025
View looking north at water tank.

1P-15 June 5, 1991 1030
View of monitoring well between rail tracks, directly west
of the main warehouse.
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1.

12.

13.

14.

15.

16.

02-9005-07-SI
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LEVEL: REG Z U.S. EPA SUPERFUND PROGRAM PAGE: 131
SELECTION: RUN DATE: 05/01/91
SEQUENCE : REGION, STATE, SITE NAME ** CERCLIS ** RUN TIME: 15:33:40
EVENTS: ALL .
LIST-8: SITE/EVENT LISTING VERSION: 1
SITE NAME
STREET ACTUAL ACTUAL
CITY STATE 21IP NFA. OPRBLE START COMPL CURRENT
EPA_ID NO. COUNTY CODE AND NAME CONG DIST. FLAG UNIT  EVENT TYPE DATE DATE EVENT_LEAD
NJDO01700830  MONSANTO CO 00 DS1 03/01/80 EPA (FUND)
1500 PINE ST PA1 06/01/80 EPA (FUND)
CAMDEN NJ 08103 PA2 05/01/89 07/06/89  STATE(FUND)
007 CAMDEN st 03/01/80 08/01/80 EPA (FUND)
NJD0O01700707  MONSANTO CO 00 Ds1 12/01/79  FED. FAC.
RT #130 PA1 12/01/79  EPA (FUND)
LOGAN TwP NJ 08014 . si 01/01/91  03/28/91  STATE(FUND)
015 GLOUCESTER
NJD980210009  MONSANTO CO 00 DS1 '04/10/84  STATE(FUND)
584 RTE 130 PA1 09/01/84 09/01/84  STATE(FUND)
HAMILTON TWP NJ 08619
021 MERCER
NJD980785653  MONTCLAIR/WEST ORANGE RADIUM SITE 00 RS1 02/02/90  09/05/90  EPA (FUND)
N/A . IR1 12/06/83  12/31/90  EPA (FUND)
MONTCLAIR/W. ORANGE NJ 07044-7052 PA1 10/01/84  EPA (FUND)
013 ESSEX ) NP1 10/01/84  EPA (FUND)
NF1 02/01/85 EPA (FUND)
SI 09/01/84 10/01/84  EPA (FUND)
OH1 04/29/87 EPA (FUND)
01 CR1 06/17/86 EPA (FUND)
WP1 12/13/84  04/02/85 EPA (FUND)
col 12/13/84  06/30/89 EPA (FUND)
RO1 06/30/89 EPA (FUND)
RD1 05/25/89 EPA (FUND)
RD2 12/09/87 09/30/89 EPA (FUND)
RA1 09/15/89 EPA (FUND)
MA1 03/21/88 EPA (FUND)
TAl 03/01/85 06/30/89 EPA (FUND)
DA1 12/09/87 EPA (FUND)
AS1 04/01/84  EPA (FUND)
OH1 11/06/87 EPA (FUND)
02 col 03/30/90 EPA (FUND)
03 co1 12/13/84 06/01/90 EPA (FUND)
TS1 11/06/87 EPA (FUND)

RO1 06/01/90  EPA (FUND)



LEVEL: REGIL. u2 U.S. EPA SUPERFUND PROGRAM PAGE : 156
RUN DATE: 04/01/91

SELECTION: INTEGRATED
SEQUENCE:  REG, ST, SITE NAME ** CERCLIS ** RUN TIME: 09:01:45
LIST-4: SITE ALIAS LOCATION LISTING VERSION: 1
REGION: 02
SITE/ALIAS NAME
STREET ALIAS
cITY STATE  2IP SEQ. NAME  FED
EPA ID COUNTY NAME COUNTY  CODE #_ SOURCE FAC
NJD9BO769699  MONROE TWP MUNICIPAL WELL #4 & #5 EPA N
WASHINGTON AVE
MONROE TWP NJ 68694
GLOUCESTER 015
NJDO01700830  MONSANTO CO EPA N
1500 PINE ST
CAMDEN NJ 08103
CAMDEN 007
NJDO01700707  MONSANTO CO EPA N
RT #130
LOGAN TWP NJ 08014
GLOUCESTER 015
MONSANTO LF 01
MONSANTO CO /DELAWARE RIVER PLANT 02
RTE 130 (PO BOX 296)
BRIDGEPORT NJ 08014
MONSANTO CO 03
GLOUCESTER NJ
NJD980210009  MONSANTO CO EPA N
584 RTE 130
HAMILTON TWP NJ 08619
MERCER 021 '
POLYCHROME CORP 01
584 RTE 130
YARDVILLE PLANT NJ 08619
POLYCHROME CORP ' 02
584 RTE 130
NJ 08619
NJD980785653  MONTCLAIR/WEST ORANGE RADIUM SITE EPA N
N/A
MONTCLAIR/W. ORANGE NJ 07044-7052

ESSEX 013
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NUS CORPORATION AND SUBSIDIARIES | | TELECON NOTE

DISTRIBUTION:

01 as-07 "3/ /A ™ w0 00 am

OF:TM—M th/ /o7 KS | PHONE:

BETWEEN:

__Jiwe Barley Erseesns o) 9393200
(uthony  Bonasorn
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NUS CORPORATION AND SUBSIDIARIES TELECON NQTE
CONTROL NO: DATE: —— / — TIME: \

D2-900S -07 37 s L .30 pm
DISTRIBUTION:
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1197
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1806
1807
1808
1809
1810
1811
1812
1813
1814
1815
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26
26
26
26
26
21
21
2]

28
28
28
28
28
28
20
28
28
28
28
28
20
28
28
28
208
28
28
28
29
29

;- -
- ) 10:42 FRIDAY, JANUARY 29,
NAME LATNUM LONNUN NLTPREC
ELKO WSO R 40.50 1y 47 3.982)
WINNEMUCCA WSO //R 40.54 117.48 2.5945
HELLS 41.07 114.58 3.8866
CONTACY 41.47 14 45 2.8718
OWYMEE 41.57 116.06 5.9976
NASHUA 2 NNW 42.47 11.29 23.7651
PETERBORO 2 S 42.5) 11.57 23.617112
KEENE 42.55 12,11 19.8050
MASSABESIC LAKE 42.59 11.24 19.8751
SURRY MOUNIAIN DAM R 43.00 12. 19 18.5269
DURHAM 43.08 10.56 23.9858
CONCORD WSO R 43.12 11.30 18.21310
BLACKWATER DAM . R 43.19 11.43 22,5086
LAKEPOR]T 431.3) 71.28 21,8009
LEBANON FAA AIRPORT 43.38 12.19 16.6971
HANOVER 43.42 12.11 17.8320
WOODSTOCK 43.59 1.4 24,1205
PINKHAM NOICH by 16 10.15 37.601)
MI. WASHINGTON WSO 44,16 71.18 16.0940
BETHLEHEM 4y, 17 11.41 17.3621
FIRST CONN LAKE 45.05 1.1 24.1798
CAPE MAY 1 MW 38.57 14.56 17.9246
BELLEPLAIN ST FOREST 19.15 14.52 19.8232
MILLVILLE FAA AIRPORT 39.22 15.04 19.0414
ATLANTIC CITY MARINA 39.23 Ih.26 17.098)
AILANIIC CIlY WSO 39.27 1h.34 19.06178
SHiILON 39.28 15.18 16.6988
HAMMONTON 2 NNE 39.39 14.48 19.6846
GLASSBORO 39.42 15.07 19.9029
INDIAN MILLS 2 W 319.48 Th.uy 20. 4249
PEMBERTON 3 € 39.58 T4.38 20.0246
MOORES TOWN 39.58 7h.58 19.2450
R 40.13 .46 17.6355
FRECHOLD 40.16 4,15 21,6099
HIGHTSTOWN ¥ N 40.17 . n 19.9454
I ONG BRANCH 2 S 40.19 14.00 22.6468
FAMBERTVIILE 40.22, 14.57 19.6500
NEW BRUNSHICK 40.29 14.26 20.7743
FLEMINGTON 1 NE 40.31 - 14.51 22.6131
PLAINFIELD 40. 36 .24 23.184)
SOMERVILLE 3 Nw 40.136 14.38 20.171 1
NEWARK WSO R 40.42 4.10 18.12517
JERSEY CiTY 40. 44 14.03 20.3230
CANOE BROOK 40. 45 4.21 24.39136
LONG VALIEY ho. 47 4. 47 26.5161
ESSEX FELLS SERV BLDG 40.50 4.17 24,1529
MORRIS PLAINS V' W 40.50 14.30 25.41324
BILVIDERK 40.5%0 15.05 21,1412
LITIUE FALLS 40.5) Th. 14 24.5138)
BOONTON 1 SE 40.54 1h .24 24,0122
CHARLOT 1 €BURG 41.02 14.26 21.3932
NEWTON 41.0) 4. 45 20.66176
SUSSEX 1 SE 41.12 14.36 21.711)
CoLuUMaUS 31.50 107.39 0.2019
JAL 32.07 103.12 0.0000

1968
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NATIONAL FLOOD INSURANCE PROGRAM

FIRM

FLOOD INSURANCE RATE MAP

TOWNSHIP OF
HAMILTON,

NEW JERSEY
MERCER COUNTY

PANEL 10 OF 20

(SEE MAP INDEX FOR PANELS NOT PRINTED)

COMMUNITY-PANEL NUMBER
- 340246 0010 B

EFFECTIVE DATE:
JUNE 15, 1982

Federal Emergency Management Agen

)

KEY TO MAP
500-Year Flood Boundary
100-Year Flood Boundary

Zone Designations*

100-Year Flood Boundary —

500-Year Flood Boundary

Base Flood Efevation Line 513
With Elevation In Feer==

Base Fiood Elevation in Feet (EL 987)
Where Uniform Within Zone**

Elevation Reference Mark RM7«

Zone D Boundarv
River Mile oM1.5

**Referenced to the National Geodetic Vertical Datum of 1929

*EXPLANATION OF ZONE DESIGNATIONS

ZONE EXPLANATION

A Areas of 100-year flood; base flood elevations and
flood hazard factors not determined.

A0 Areas of 100-year shallow flooding where depths
are between one (1) and three (3) feet: average depths
of inundation are shown, but no flood hazard factors
are determined.

AH Areas of 100-year shallow flooding where depths
are between one (1) and three {3) feet; base flood
elevations are shown, but no flood hazard factors
are determined.

A1-A30 Areas of 100-year flood; base flood elevations and
flood hazard factors determined.

A99 Areas of 100-year flood to be protected by flood
protection system under construction; base flood
elevations and flood hazard factors not determined.

‘B Areas between {imits of the 100-year flood and 500-
year flood; or certain areas subject to 100-year flood-
ing with average depths less than one (1) foot or where
the contributing drainage area is less than one square
mile; or areas protected by levees from the base flood.
(Medium shading)

o Areas of minimal flooding. (No shading)

=]

Areas of undetermined, but possible, flood hazards.

Y Areas of 100-year coastal flood with velocity (wave
action); base flood elevations and flood hazard factors
not determined.

V1.v30 Areas of 100-year coastal flood with velocity {wave
action); base flood elevations and flood hazard factors
determined.
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\_/ % UNITED STATES ENVIRONMENTAL PR’OTECTION AGENCY
@; . REGION I
¢ prgre®

JACOB K. JAVITS FEDERAL BULDING
NEW YORK, NEW YORK 10278

Rich Feinberg

NUS Corporation-

1090 King Georges Post Road
Suite 1103

Edison, NJ 08837

Dear Mr. Feinkerg:

As discussed on March 12, 1991, the status of New Jgrsey's
Wellhead Protection Plan is as follows:

New Jersey has not yet submitted a final Wellhead Protection Plan
for EPA approval. The document is currently in draft form and is
being circulated for public comment. EPA expects that a final
plan will be submitted by this summer.

If you need further assistance, you may contact me at
212-264-4124.

Sincerely,

/ﬁau-".'gz st Prenolni
Maureen Krudner, Geologist
Ground Water Management Section_
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State of Netw Fersey

Department of Conservation and Economic Development
RoBERT A. ROE, Commissioner

Division of Resource Development
KeNNETH H. CREVELING, Director

GEOLOGY of the
GROUND WATER RESOURCES
of MERCER COUNTY

by
KeEMBLE WIDMER,
State Geologist
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SUMMARY -

Engineers, officials, realtors, planners, and citizens with an interest in ground water resources will
find in this report summaries of reasonable expectations of depth and yield for wells drilled anywhere
in Mercer County. Drillers’ reports from over 1,000 wells have been analyzed and summarized by. geo-
logical formation, by township, and with respect to local problems. Maximums, minimums, averages,
and probabilities of depth and yield for domestic or industrial wells for any part of Mercer County can
be determined from the data provided. Information and maps concerning watershed areas, industrial
zones, and water company service areas are also provided.

All water supplies in Mercer County are derived from: (a) the Delaware River along the western
border of the county; (b) the Delaware and Raritan Canal running southward along the Delaware River
to Trenton and then northeastward following Assunpink Creek, Shabakunk Creek, Stony Brook, and the
Millstone River until it leaves the county northeast of Princeton; (c) surface waters from farm ponds,
mmpoundments, or from the minor streams of the county; or (d) from wells. Surface water supplies and
their development or utilization are further complicated by laws which limit the movement of water from
the Delaware River Basin, the southwestern two-thirds of the county, into the Raritan River Basin, the
northeastern third of the county. At the present time a limited amount of water may be taken through
the Delaware and Raritan Canal. There are both legal and physical limits as to the amount of water
which can be taken from the canal and utilized in different parts of Mercer County.

Most of the population of Mercer County concentrated in the area around Trenton is supplied by
the Trenton Water Company with water drawn from the Delaware River. Other urbanized areas are
supplied by water companies depending upon wells. While most of the suburban expansion has so far
occurred in areas which can be supplied by existing water companies or where individual wells are not
too expensive and are usually adequate, in several townships, particularly in the northern part of the
county, pressures have developed in recent years to permit construction of realty improvements whose
;vaterdreguirements exceed or will exceed the ground water supply obtainable within and near their
oundaries. :

_Of the three major industrial zones in Mercer County, all of which cross the Delaware Basin-Raritan
Basin Drainage Divide, the southern zone along U. S. Route 130 is supplied by large capacity wells
completed in the Raritan formation; the central zone along U. S. Route 1 and the Pennsylvania Rail-
road mainline has limited ground water supplies but is close to the Delaware and Raritan Canal; and
the northern zone, near U. S. Route 69 and the Reading Railroad, has neither surface water supplies nor
the expectation of more than moderate supplies from wells.

. In short, while most of Mercer County has adequate to moderate water supplies available for domes-
uc and many industrial uses, southern and central Mercer County have the greatest future potential for
the development of large supplies from either underground or surface water sources. This generalization,
howeyer, must be applied with caution. The areas for some specific uses such as irrigation wells, wells
for high rise apartments, or industry with a large water requirement are limited in the county.

Ground water supplies are limited in areas underlain by Precambrian rocks, by argillite and by dia-
base. Unless surface water supplies or water piped in from outside the area is available, industrial de-
velopment and housing developments on lots of less than two acres should be discouraged in areas un-
derlain by argillite, by diabase, and perhaps by Precambrian rocks.

The area of Precambrian rocks extends northeastward from Trenton to Princeton Junction. Domes-
lPemwdfls are adequate ranging from 50 gpm to no water with most in the 5 - 9 gpm range. Industrial wells
50 8¢ from 175 gpm to 0 gpm and average about 35 gpm with only about one-third giving more than

8Pm. Nearly all of the area underlain by Precambrian rocks is covered by Pleistocene sediments which
Provide well water in some areas.

tic

of There are several bands of argillite in northern Mercer County which contain very limited supplies

o %quund water. Over one-third of the domestic argillite wells give an inadequate 4 gpm or less. One

arga lbte well in ten yields less than 2 gpm. A few industrial wells have been attempted, chiefly in the

whil etween West Trenton and Pennington. The maximum yield for an industrial well was 90 gpm,
1€ over half of the wells gave 20 gpm or less.

in HDiabase is found.in the Rocky Hill sill in northern Mercer County and in several intrusive plugs
mest_opewell Township. No industrial wells have been attempted in areas underlain by diabase. Do-
1¢ wells range from 100 gpm to nothing with only one well in ten giving water in excess of 10 gpm.

1



Adequate domestic wells and moderately large industrial wells can be developed in the areas of
northern Mercer County underlain by the Stockton sandstone and Brunswick shale. The maximum yield
for a domestic well (60 gpm) and the average yield (15 gpm) are the same for both formations. Only
about 5%, of the shale wells and only 3 out of 118 sandstone wells drilled for domestic water supply are
inadequate with a yield of less than 5 gpm. Housing developments in areas underlain by shale and sand-
stone relying on individual wells and septic tanks will require a minimum lot size in excess of two-thirds
of an acre if ground water resources are not to be depleted.

Industrial wells completed in the Brunswick shale have an average yield of 110 gpm and range down.
ward from 470 gpm with more than half of the wells giving in excess of 50 gpm. Industrial wells in the
Stockton sandstone average about 20 gpm more than the shale wells and range downward from 905 gpm.
Well records suggest that industrial wells will be most successful if the plot is large enough and the
location such that wells may be drilled on or near linear topographic features which reflect a geologic
structure.

Wells in the Coastal Plain section of Mercer County are completed in either the Magothy-Raritan
formation or in the thicker accumulations of the surficia] Pleistocene deposits.

wells range from 1,500 gpm down to 35 gpm with an average and median yield of between 250 gpm and
300 gpm. An industrial well with a capacity of 500 gpm is a reasonable expectation for a carefully con-
structed well completed in the Raritan formation.

Pleistocene sediments form a surficial cover over a large part of Mercer County. Along the Valley
of the Assunpink and Shabakunk from ‘Trenton towards Bakers Basin and Clarksville Pleistocene sedi-
ments may be an important source of water because of the poor ground water yields from the under-
lying crystalline rocks. Thick Pleistocene accumulations in eastern Mercer County from Princeton Junc-
tion and Dutch Neck toward Hightstown are a second area of thick water-bearing Pleistocene sediments.
Pleistocene wells are seldom more than 100 feet deep because of the limited thickness of the deposits.
Domestic wells have an average and median yield of around 15 gpm. The largest Pleistocene indus-
trial well gives 340 gpm and the successful wells average from 50 gpm to 100 gpm. In a number of

predictable locations, however, the Pleistocene sediments are dry and repeated attempts to secure water
from them have been unsuccessful.

The yields and depths of wells drawing from each formation in the county is given at the end of this
section. Yield figures indicate the range, and expected averages. Depth figures must be used with caution
because the Raritan is generally deeper in the southern part of the county, the depth of Pleistocene
wells is limited by the thickness of the formation, and rock wells are frequently deeper than actually
required.

a long hard look at the local relationships should be taken if a satisfactory domestic supply has not
been secured after reaching a depth of 300 to 850 feet. In the case of industrial wells, those drilled in
excess of 400 feet, while sometimes successful in securing large quantities of water, do not usually give
quantities which equal the average of those wells drilled between 200 feet and 400 feet deep.

In the rock formations of the Stockton, Brunswick, Lockatong, Diabase, and Precambrian, most of
the deepest wells were probably drilled to the depths indicated in an attempt to get additional water.




The Raritan has a general dip, or seaward slope, to the southeast which increases about 80 feet for
each mile traveled towards the ocean. Wells completed in the Raritan may have been drilled to a deeper
horizon in order to secure a better quality of water. It should also be noted that the hard “granite type”

rocks of the basement which underlie the Raritan formation have a relief of probably 200 feet and that

there are several areas, the most notable around Edinburg, where the Raritan may be very thin or miss-
ing. If the depth or thickness of the Raritan is computed on the basis of the average depth of the for-
mation in some of these areas of “high” or “low” basement it would be quite erroneous.

MERCER COUNTY
DOMESTIC WELLS

Formation No. of Wells
Pre-Triassic .. ............... ... .. .. ... 26
Stockton .. ... ... 148
Argillite ... ... .. . .. ... .. ... 208
Brunswick ... ... .. .. 186
Diabase .. ... ... .. . ... .. . ... .. 100
Raritan .. ... ... ... . ... . .. .. ... ... 120
Pleistocene .. . ... .. o 20

INDUSTRIAL WELLS
Formation

Pre-Triassic
Stockton
Argillite ... ... . 0
Brunswick
Diabase
Raritan

MERCER COUNTY
DOMESTIC WELLS

YIELD IN GALLONS PER MINUTE

Maximum Minimum Average
50 0 10
60 1 20
135 % 9
60 Vo 15
100 0 9
80 3 19
80 3 13

YIELD IN GALLONS PER MINUTE

Maximum ‘Minimum Average
266 0 41
905 18 147

90 Vo 32
470 8 110
1500 35 827
340 2 112

DEPTH IN FEET BELOW SURFACE

Practical

Depth Formation
Formation No. of Wells Maximum Minimum Limit Thickness
Pre-Triassic ... .. ........ .. .. .. .. 26 350 52 400 Unknown
Stockton ... .. .. ... .. 149 670 22 400 3300
Argillite ... ... .. ... ... ... . . 209 798 40 400 2900
Brunswick . .. .. ... ... ... .. . 156 397 45 400 4850
Diabase ...... . ... .. .. ... .. .. . 72 404 42 400 Unknown
Raritan ... ... ... . ... ... . ... .. 120 456 55 500 (?) 300

(Increases in a southerly direction)
Pleistocene ....... .. .. ... .. . . . 20 125 20 150 150
INDUSTRIAL WELLS DEPTH IN FEET BELOW SURFACE
' Practical

Depth Formation
Formation No. of Wells Maximum Minimum Limit Thickness
Pre-Triassic ... .. ...... ... ... . . .. 41 900 50 500 Unknown
Stockton .. ... ... o 80 603 40 500 3300
Argillite ... 16 436 85 500 2900
Brunswick .. ... ... ... .. . . . 28 800 150 500 4850
Diabase ... . ... .. ... ... .. none . . 500 Unknown
Raritan ... ... .. . .. . 69 537 67 500 (?) 300

(Increases in a southerly direction)

Pleistocene ... ... ... ... .. .. . .. 28 135 25 150 150

NOTE: Wells through Raritan enter Precambrian.
Wells through Pleistocene enter Raritan or Precambrian.
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GEOLOGY OF THE GROUND WATER RESOURCES OF
MERCER COUNTY

INTRODUCTION

For many years the Bureau of Geology and Topography of the Department of Conservation and
Economic Development or, as it is more widely known, the New Jersey Geological Survey, has been
called upon by well drillers, private citizens, engineers, realtors, industrial developers, planners, officials
of other agencies' of the State Government, representatives of County Government, and by municipal
officers for assistance in ground water problems and particularly in determining the reasonable expecta-
tions of depth and yield for water wells at specific locations in the State. In each case, records of nearby
wells were consulted to determine the maximum, the minimum, the average, and the probabilities of
both depth and yield of the proposed well. These well records—assembled over the last seventy years
by the State Geologist’s office—contributed by cooperating drillers, and secured since 1947 through the
operation of the well drilling law—present a tremendous mass of raw data of varying reliability. Inter-
preted by the more experienced and better-trained geologists of the State Survey, the predictions have
usually been very close to the actual depth and yield of the finished well.

In June of 1956, the Mercer County Industrial Commission asked the New Jersey Geological Sur-
vey to.prepare a report on the ground water conditions within the County. The New Jersey Geological
Survey agreed to undertake this compilation and interpretation of the records in its files with the under-
standing that it would be done as staff availability and the usual geologic activities permitted. From time
to time since 1957 summaries for some of the individual townships have been presented to the Commis-
sion; however, it has been impossible to present the county picture until detailed studies of well records
in all of the townships had been completed in 1962.

In 1956 and 1957, senior students in geology were used to compile and check the data. Although
they did an excellent job, they did not have the necessary experience and judgment to evaluate many
of the records. Starting in 1958, therefore, geologists on the New Jersey Geological Survey staff reex-
amined, recompiled, and reevaluated the records. By 1960 sufficient records had been compiled to indi-
cate that field check of the geology of many specific areas were necessary in order to insure accuracy in
the interpretation of the well records.

It is believed that this report, based on over 1,000 wells selected from the well records in the New
Jersey Geological Survey files, if properly used, gives a reasonably accurate picture of the ground water
conditions within the county, within its municipalities, and within the various geologic formations which
underlie the county.

As the study progressed, it became obvious from discussions with municipal officials, realty devel-
opers, planning boards and members of the industrial commission that the greatest value of the report
would only be secured if the variations in ground water availability could be studied against the political
and economic background of the county as determined by such factors as zoning regulations, political
boundaries, surface water availability, water company size and franchise areas, land use, and growth trends.
Thus recommendations for the location of new wells for Lawrenceville had to consider not only the
geology, but also the distance from the Trenton water mains, the location in the township of new major
water users, and the probable future growth pattern of the township. On the other hand, the demon-
strated inability of wells to provide adequate water supplies from some geologic formations and in some
specific areas has already profoundly affected both the operation and location of industrial plants and
the type and speed of residential development in Princeton, Hopewell, and West Windsor Township.

Purpose and Objective

It is the purpose of this study to indicate the reasonable expectation for ground water development
for various purposes in the different parts of the county. By the examination of a sufficient number of
well records for each geologic variation in subsurface conditions, the variables due to human optimism,
pessimism and veracity as well as good and poor construction and procedure in the drilling of wells,
should be equalized. By a careful evaluation of who is drilling, where they are drilling, how they drilled,
and why they drilled, many of the extreme conditions can be recognized and more valid data developed
for the prediction of future probabilities of depth and yield.
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Anyone who believes in the sixth sense of “dowsers or water witches”, in the presence of ur}derground
rivers, or in layer-cake-like Coastal Plain aquifers should not waste their time by £1}rther reading. Those
who like precision, mathematical equations, and evaluation in technical terms will ﬁpd the report a
disappointment. The color, type, and geologic subdivision of the Coastal Plaxq formation for each foot
of a well is of little importance if most of the wells drilled for household use in the area are (.:ompleted
at about the same depth and give an adequate supply. The computations for the transmissibility of the
rock, its porosity, and the specific capacity per foot of aquifer are of dubious value when based on
driller reports reading “red shell all the way” or “white sand five feet, black clay ten feet, etc.” and re-
ports of a drawdown test made with a bailer for an unspecified time. However, if the reports of a num-
ber of different drillers for wells in the same geologic formation within an area of a few square miles
are compared, a pattern can be determined and will provide useful information for future prediction
and planning about the ground water resources of the surrounding area.

In the preparation of this report records have not only been examined for their. accuracy gnd ade-
quacy, but they have also been measured against the criteria of “will the record provide useful' informa-
tion which will help develop a pattern.” It is believed that this report shows that a more valid overall
prediction can be made by examining a large number of partially wrong or partially completed records
than by predicting from a few records whose completeness and accuracy have been established. The
variations in geologic and hydrologic conditions for any individual well are still such that in the final
analysis all that can be predicted before the well is actually drilled and tested is the trend and range
of what may be expected.

Location

Mercer County is the most westerly of the three counties which extend across the narrow “waist” of
New Jersey from Sandy Hook to the Delaware. Trenton, the county seat and state capitol at the center
of the western border of the county, is found at longitude 74° 46’ West and latitude 40° 14’ North. The
area and 1960 population figures for the several municipal subdivisions are given in the appendix. Thirty
miles from Philadelphia and fifty miles from New York City, Mercer County is crossed by the mainline
of the Pennsylvania and Reading Railroads, U. S. Routes #1, #130, #69 and #206 and the New jJer-
sey Turnpike.

The Delaware River forms the western border of the county; and the Millstone River, which drains
into Raritan Bay, forms the eastern boundary of the county. Hunterdon and Somerset Counties are to
the north; Burlington and Monmouth Counties are to the south.

Mercer and Middlesex Counties are the only" two counties in the state which lie partially in the
Piedmont Physiographic Province underlain by the Triassic rocks of the Newark series and the Coastal
Plain Physiographic Province underlain by Cretaceous sands, gravels, and clays. Mercer County, however,
is unique among the New Jersey counties because of the long, narrow wedge of pre-Triassic crystalline
rocks extending northeastward from their outcroppings in the Delaware River and in Trenton to the
vicinity of Princeton Junction and because of the thick deposits of Pleistocene gravels which, in many
places, overlie the crystalline pre-Triassic rocks in the valley of lower Stony Brook, the lower Assunpink
and southward from these two streams.

Rainfall, Runoff and Climate

The average annual rainfall is about 427 in the Trenton area, about 48" to 44’ in the southern part
of the county, and from 44" to 45" in the northern (Hopewell Township) hilly area. During a typical dry
year (T.A.M.S. uses 1930) the rainfall varies from 33 in the Trenton-Princeton area to 36 in the north-
west and 37 in the southeastern section. Summer rainfall may be thirty to thirty-five percent more
than in other seasons unless there is an extreme drought. In a typical wet year (T.A.M.S. uses 1952)
rainfall varies from 55" in the border areas of the county to 61” at Trenton.

In Mercer County there are stream gauging stations on the Delaware and Assunpink at Trenton and
on the Millstone near Kingston. Average surface runoff in Mercer County is from 18”-19”" or 850,000 to
900,000 gallons per day per square mile. During a dry vear surface runoff is about 11’/ over most of
the county, but is 127 to 13 in the basin of the Millstone River. During a wet year (T.A.M.S. used 1951-
1952) runoff in the Piedmont Province area of Mercer County is 29-30”” in contrast to the 24'7-27* in the

area of the Coastal Plain Province. There is an annual difference of about 25” between precipitation and
runoff in Mercer County.

Precipitation is about evenly divided for the year with from three to five inches per month. About
every eleven years there is a 159%,-20%, reduction in the amount of precipitation. This is usually felt as
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a drought of lasting at least thirty days which occurs during the growing season. A longer weather cycle
may result in an occasional dry year with only 50%, of normal precipitation.

Mercer County has moderately cold winters with average temperatures from 30° to 39° F. and ex.
tremes from —10° to 72° F. Very low temperatures do not last for more than a few days. Snow may
stay on the ground for several weeks and reach a depth of 12 inches. The ground usually freezes to 3
depth of a foot or more. Summer temperatures range from 41° F. to 105° F. with an average of 72° F,
The average growing season is about 195 days from April 16 to October 28. Killing frosts have occurred
as late as May 12th and as early as October 11th.

Previems Work

A geologic map of Mercer County and adjacent areas was prepared in 1909 by Bascom, Darton and
Kummel and published as the Trenton Folio. The Triassic deposits in Mercer County were described
in considerable detail in 1896 and 1897 by Kummel. Salisbury in 1902 in Glacial Geology and in 1917
with Kmapp in Quaternary formations described the details of various Pleistocene deposits in Mercer
County. The geology of Mercer County including the glacial deposits is shown on the State Geologic
Map prepared by Kummel and Lewis in 1910-1912 and revised by M. E. Johnson in 1950. Recent work
by .l\l;fld.aughlin and Van Houten has greatly enlarged knowledge about the nature and occurrence of
argillite. :

Ground water conditions in Mercer County were touched on in 1955 in the T.A.M.S. Report and
by Barksdale, et al., in Special Report #13 on the Tri-State Region of the Lower Delaware. Although both
reports provided valuable information about ground water conditions and geology of the county, they
are too general in scope to be useful in solving the detailed ground water problem.

Detailed information has been available either in the Permanent Notes maintained by the New Jersey
Geological Survey since the 1880s or from the well record files. A file of well records from cooperating
drillers was maintained until 1947 when the supply of information was greatly increased through well
record forms received as a result of the operation of the drilling law. Also in the files of the New Jersey
survey are copies of several Princeton University student theses on various subjects related to geology and
groumd water. A detailed citation of references of the published works mentioned above is given in the
bibliegraphy at the end of this report. '

Compilation of Well Data

The City of Trenton and the eight townships in Mercer County were chosen as the units for the
compifation of well records. The smaller municipal subdivisions such as Princeton Borough, Penning-
ton, Hightstown, or Crosswicks were considered as part of the adjacent or surrounding township. As
each well Tecord was examined, it was given the next consecutive number on the compilation sheet for
the township being studied. The well location was plotted on the well location map and the number
used en the compilation sheet placed next to the location dot. For each township, therefore, there is an
indepedent series of numbers.

It should be recognized at the outset that the figures given are not precise but rather should be used
as a guide to reasonable expectations. Summations have been made from well drillers’ reports whose
locations and figures have varying degrees of accuracy. The sampling has been more or less at random
rather than by any fixed statistical method. There are still many geologic factors that are not yet under-
stood wihich can and do affect the individual wells. Every effort has been made to eliminate errors, to
achieve a truly representative sampling, and to give due consideration to the geologic and other factors
which affect the compilation and interpretation. Time and time again as compilations were made, both
by area and by formation, the results indicated the profound effect which the geologic structure, the
changimg character of the formation, and the regional geologic history of the area has had upon the ground
water availability. Small, almost unnoticed changes in geologic conditions may radically change the

ground water conditions in the same geologic formation in a very short distance. The Raritan Formation’

in its lower part, the area underlain by the pre-Triassic rocks near Edinburg, and the structure and vari-
ations im the lithology of the Triassic in western Hopewell Township are excellent examples of the effect
of seemimgly unimportant or of unpredictable geologic changes within a small area upon the relative
success of wells. Each of these geologic factors will be discussed in detail under the appropriate headings.

Within each township compilation, wells were considered as belonging to either a domestic or an
industrial group. Wells for public water supply, for industrial use, or for irrigation are classed as indus-
trial wells. The larger proportion of wells drilled in the county were for the use of individual house-
holds and were, therefore, tabulated as domestic wells. In the domestic group also were included wells
for stowes, churches, banks, filling stations, business offices, and even small industrial plants or other
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types of use where less than twenty gallons per minute were desired or where the permit or log indicated
no special effort was made to get a large supply by increasing the diameter of the well or by drilling
deeper than the usual domestic wells in- the area.

In general, the industrial well summaries are probably more reliable than the domestic well sum-
maries because wells requiring a large yield are more apt to be under the close supervision of the more
reliable and more experienced drillers. The well data and well log for an industrial well are usually more
complete because of development and pump test procedures from which more reliable data can be se-
cured.

Upon completion of the township compilations and the well location map, the data were reexamined
to provide summaries of depth and yield for wells drawing from each different geologic formation within
the township. Summaries were then prepared for both depth and yield for each formation to show both
the county-wide picture and a comparative picture for wells drawing water from the same geologic unit
within the different townships. Special situations were noted and are discussed under the appropriate
township. :

Because of a popular concept that the deeper you drill the more water you will get, it must be em-
phasized again and again that there is no relationship between the depth and the yield of any of the wells.
In the tabulation, the maximum and minimum depth and yield figures are almost never derived from
the same well. Although there are some relationships as to the yield which may be expected in various
areas and within various formations which are governed by depth, in general, any effort to derive a sta-
tistical or mathematical formula to show a specific depth and yield relationship is about as valid, when

applied to a specific well, as a similar system applied to picking the winner of a horse race. The tabu- -

lations which follow should not be used to compare depth and yield except to say that a well of average
depth will probably give an average yield, or that the range of either factor will be within the range given,
or that the large yield of industrial wells is more likely to be secured at a greater depth than is required
for a domestic well. It must be emphasized again that there is no direct mathematical relationship be-
tween the depth of a well and its yield.

The final stage in the compilation of data consisted of cross checking the summaries to be assured of
their consistency and then examining the extremes and the averages to determine whether or not there
was some unusual condition which would lead to unrealistic averages in the summaries. Some were found,
and they are discussed either where these inconsistencies occur or in special sections when such a need
arises.

Reliability of Data

Before considering the summaries of data for township areas or for the geologic formations, it would
seem advisable to present some of the more significant factors which influence the presentation of infor-
mation in the well report and thereby cause variation in the reliability of the data upon which the con-
clusions and estimates of the ground water conditions in Mercer County are based.

Throughout the selection of records and the compilation of the summaries, an effort has been made
to eliminate inaccuracies by recognizing the difficulties and applying a “philosophy of correction” with
respect to the report itself, the driller submitting the report, the time of submission, the use, the depth,
the yield, the location, and the area around the well.

‘The well report form itself is designed to secure, with a minimum of effort on the part of the driller
flling it out, the salient features of a well drilled either in rock or in sand. Some information requested may
not be known when submitted, and some may be omitted or even erroneously given. Previous to 1947,
a very similar form was used by the State Survey geologists. Regrettable as it may be, the forms are not
always completed and may, in some cases, be inaccurate. However, the information given, although not
all that may be desired, may be the best available and under such a circumstance must therefore be used.

The driller submitting the report cannot be forced by the drilling law to submit an accurate report.
Most do; some will sometimes: some will on some items; and some few will not under any conditions.
Thus one driller, who fortunately does not usually work in Mercer County, always has wells 120 feet
deep giving seven gallons per minute from red shale. Fortunately his practice is restricted to wells for
single dwellings in a red shale area. Thus the completed well report forms must be evaluated against the
knowledge which the State Survey personnel have of the driller, the area, and the availability of better
information. Need it be said that the reports of the driller cited above are filed without being used?
However, such situations must be recognized, and such well reports excluded from statistical summaries.
It should also be noted that bad news travels fast, and the State Geological Survey staff is usually one of
the first to hear of unsatisfactory wells or of poor driller performance. At the other extreme of the tabu-
lations the drillers themselves are usually quick to inform us about the exceptional or unusual wells.
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The time of submission of the report is also a factor because reports submitted immediately after the
drilling of a problem well will have more details and give a more accurate picture than a Teport written
up several months after drilling along with reports on a number of other completed wells. Even more
important than the time at which the well record is written is the age of the records themselves, Because
drilling techniques and methods have changed over the years, older well records may present quite
different set of conditions as to depth, yield, and well construction than would be presented by a wel]
drilled with a modern rotary, or developed by brushing and surging, or by gravel packing or some other
relatively new drilling technique. For example, the use of, and the experience of a driller with, the large
rotary drill rigs in the rock wells of Mercer County during the last few years could profoundly affect
depth and yield figures if too many records were used in a summary. A reliable experience factor ig
lacking at this time, but the records received so far suggest that many wells drilled by rotary rigs in
some rock types average deeper than those drilled by the cable tool rigs and, more often than not, will
give less water unless careful development procedures are followed. The percussion-rotary rig using air,
on the other hand, may prove better than the cable tool rig in many types of very hard rock.

The use of the well must also be considered because, as indicated earlier, well records for industrial,
public supply, and irrigation wells are generally more reliable in the evaluation of the ground water avajl-
able in a given geologic formation than are the reports on domestic wells. The greater cost of such wells
usually results in their being drilled by the more experienced and better equipped drillers. Their con.
struction is usually quite closely supervised and the pump tests and well development procedures are
of much greater duration and more precise in measurement. Since such wells may call for the maximum
amount of water than can be secured, they usually provide a better test of the ground water character-

usually easily secured. If this is the case, the type duration and completeness of the pump test become
very significant since they often will indicate whether the well can yield much or little more water than
was required at the time of construction. It should be remembered, however, that in some areas of Mer-
cer County where diabase, argillite, or Precambrian crystallines are the underlying rocks, an adequate
domestic household water supply may require a well which in diameter, depth, and cost may approach
the characteristics of a small industrial well. Thus the use of the well is an important factor in evalu.
ating the ground water characteristics of a formation or an area, but the evaluation must always be made
with due allowance for the overlap of depth and yield figures between domestic and industrial wells.

The depth of the well must always be carefully considered since the well may have been drilled much
deeper than necessary or, in rare instances, prematurely abandoned before the desired supply could rea-
sonably be expected. The topographic position of the well influences the depth since, all other things
being equal, a well on a hilltop is usually deeper than one in a valley. Rock wells, because the water is
secured from fractures which become less abundant and less open with depth, have rather definite limits
as to the depth beyond which the probabilities of securing water decrease and finally cease. A few wells draw-
ing water from Pleistocene gravels are limited in depth by the thickness of the formation. The sand wells
of the Coastal Plain formations of southern Mercer County and South Jersey, on the other hand, must
go deep enough to penetrate the water-bearing beds or aquifers which have a slope or dip to the south-
east toward the ocean. Extremely deep rock wells should be checked against all known facts to deter-
mine, if possible, where the water was actually secured and whether or not they were drilled deeper in
an effort to get more water than was found nearer the surface. 'Sand wells should be checked in a similar
manner, but a good thick water-bearing sand is not usually ignored unless the quality of the water is
poor or there is reason to believe there is a better sand at a greater depth. The ultimate depth of a sand
well is the depth of the crystalline basement rocks or the economic limits imposed by possible alternate
aquifers nearer the surface.

The yield figures for industrial wells are probably the most reliable. Industrial wells are
generally closely supervised and usually provide for the installation of a pump and a pump test of sev-
eral hours duration to indicate how much water the well will actually give. Under ideal conditions, the
well should be pumped down and stabilized at the pumping level for a period of from 24 to 48 hours
after the water level has ceased to drop. In the case of household wells, very few are tested with pump-
ing equipment. Most tests are of short duration and by rather crude means. The reported yields of
domestic wells depend a great deal on the driller’s experience.

In the case of domestic wells, therefore, the Bureau of Geology finds the following relationships gen-
erally useful in judging whether or not a well should be considered poor, good, or exceptional. In general,
if a yield is reported as less than five gallons per minute, we assume that the driller is probably render-
ing a correct report because he wishes it on the record that this was not a particularly good well in order
to cover himself if the well goes dry at some future date. Where the yield is reported between five and
twenty gallons per minute, we consider the well satisfactory for household use and assume that the test
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and the driller’s experience indicate that the well is satisfactory as a domestic supply, but that the well
test is, or may be, unreliable and the actual yield may be seven to ten gallons per minute for a well re-
ported as -yielding five, or perhaps the yield is only five gallons per minute even though the well is
reported capable of yielding fifteen. The driller knows that the probabilities are that no one is going
to check up on his figures with precise measurements. He knows the well will be satisfactory for the
purpose and, therefore, puts down a figure which is only more or less accurate. In actual fact, wells
reported as yielding fifteen or twenty gallons per minute have, in several instances when tested with a
pump at a later date, given as little as seven or, in other cases, as high as sixty gallons per minute. Where
the yield is reported for a domestic well in excess of twenty gallons per minute, it is assumed that the
well is exceptionally good. Depending upon the amount of the test information given and the method
of testing, there may be some indication that it is very much better than the yield reported or that the
well is somewhere near the reported figure. For those wells which are reported as giving a great deal
more water than twenty gallons per minute, it should be assumed that the industrial well averages,
maximums, and minimums would apply.

The location of a well given on the permit is usually fairly good, but once in a great while errors in
location of a mile or more from the actual location are found in the records. In general, most well drillers
can read the topographic.maps accurately enough so that the well location given is probably within one-
quarter mile of the actual location. However, some drillers are notoriously poor at reading topographic
maps and sometimes even the best efforts are confused by a location on one of two parallel local roads.
Where the well location as given in the record is obviously wrong, for one reason or another, every effort
has been made to establish the correct location or the well hasn’t been used in the tabulation. Field
checks of the locations given by the drillers have been made in many, but not all, cases. It is believed
that a slightly erroneous location will have very little effect upon the averages as long as the well ap-
pears in the correct general area and in the proper geologic setting with respect to the formation from
which it is drawing water.

The area around the well is the final variable which may cause an error when using the well rec-
ords. Careful consideration must be given to the immediate area around any potential well site. There
may be very few records because heretofore the area has been one of farms with large acreage. Under
these conditions, there are usually very few wells, and most of these have been drilled for domesic use.
A tabulation of a number of small domestic wells in a given area would not give the answer as to whether
or not a satisfactory industrial supply could be obtained. With no industrial well records available, it
would be necessary to consider not only other areas in the county underlain by the same rock type,
but also other areas where an attempt has been made to bring in large industrial wells. Naturally, the
nearest possible area should be selected, and also the area should be along the strike of the formation
so that the geologic conditions in the area from which the information is being secured will be, as nearly
as possible, the same as the area for the potential well site. As a last resort, the county-wide figures for

 the proper formation may be used to arrive at an estimate of reasonable expectations of depth and yield.

Using the Report

. Many regional ground water reports give the maximum and minimum yield of each geologic forma-
tion. The sample may be eight or ten wells or even several hundred. Usually mathematical values, also
with extreme ranges, such as coefficient of storage, transmissibility, or specific capacity are also quoted.
In many instances there is undoubted merit in such values and they do provide a standard criteria. How-
ever, when geologic conditions make it impossible to evaluate the pump test or when such statements
as "“The effect of the withdrawal is generally not transmitted any great distance from the well, probably
no more than a few hundred feet in most localities....,” or “.... coefficients of transmissibility and stor-
age determined by the analysis of field pumping tests must be considered in the light of local conditions
and may not be compared with coefficients from other tests. In some cases the coefficients may be mean-
Ingless because they represent combined effects of withdrawals. from aquifers of different types” (Barks-
dale 1958) there would seem to be something missing in the application of the report to local problem.
The evaluation of a rock well 160 feet deep using a value for the thickness of the “aquifer” of 160 feet
seems slightly ridiculous when the driller has gotten no water at 150 feet and then brings in a well giv-
Ing 60 gpm. :
~ This report is an effort to offset these deficiencies in a regional analysis by examining a large sample
In many different areas and grouping the samples in such a way that an analysis can be made of equiv-
alent past experience. To this end the entire report has been divided into tables and discussion of the
fiomestic and industrial well groups. The costs, methods, desired yields, and practical depths are different
in each group although the extreme values of depth and vield may be nearly the same in any formation.
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After making the primary division as to type of well which best represents the problem and consult.
ing Plate I or V for the geology, attention should be given to the spread of values as compared to the
average yield for the geologic formation in which the well is to be constructed. The accompanying table,
showing the four highest well yields for each formation in Mercer County, supplies the second most im.
portant factor in developing a reasonable expectation of yield. The county summaries of yield and depth
at the end of the summary section in this report indicate whether the geologic formation at the.proposed
well site can meet the desired needs. If a well still seems to be in order, the section on the appropriate
geologic formation may next be consulted to determine possible local limitations or alternatives.

If the county and the geologic formation values are favorable or indicate a reasonable possibility of
success in securing the desired water, then the township summary may be consulted to get clues as to local
geologic problems which may exist. This information may show that local conditions may limit the pro-
posed well program. From nearby wells a set of rather detailed and specific data as to what is a reason
able expectation may be secured.

A typical inquiry may be used as an example. The question is asked as to whether or not 100 gpm
can be secured for an industrial plant to go in just east of Trenton along the Pennsylvania Railroad.
The industrial well classification is used. The “four highest vs. average” table and the county summary
show that the well is possible in the pre-Triassic and probable in the Pleistocene, the two geologic units
found in the area. The Hamilton Township summary would confirm this and indicate the nature of
local problems. From the Hamilton Township and Trenton summaries a specific set of maximums, mini-
mums, averages, and probabilities for the nearest Precambrian and Pleistocene wells could be prepared.
Plate I gives the geology; Plates II and III indicate the general geologic relationships; and Plate V
shows the areas of surface water supply and the general ground water evaluation of the area (in this
case poor). Final details would be worked out with the driller who might be instructed to test the Pleis-
tocene gravels. If they proved to be inadequate, he would then be instructed to drill to 300 feet into
the Precambrian in an effort to get the needed water.

If the request had been one for 500 gpm, the problem would be quickly solved because summaries
and discussions would indicate that it is extremely unlikely that any well would be successful in secur-
ing this amount of water. An alternate area, southern Mercer County, with a Raritan well or an alter-
nate source of water, the Delaware and Raritan Canal, could be suggested.

Plates I, IV, and V were prepared from the State Atlas Sheets which may be used to secure the de-
tails of topography such as the presence of linear structures and the elevation of the well site as com-
pared to the adjacent wells. A difference in elevation in excess of fifty feet should be compensated for
in the depth estimates. ' _

. A discussion of the hydrologic cycle as it applies to Mercer County is included in the appendices.
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Four Highest Yields and Average* Yield in Gallons per Minute
of Industrial and Domestic Wells in Various

Rock Formations in Mercer County

Yicld in Gallons per Minute
Domestic Industrial
- - No. of
No. of Indus-
Domestic Ratio Ratio Ratio Ratio trial
Rock Wells in Ist- 4th- Ist- 4th- Wells in
Formation Sample Ist | 2nd 3rd | 4th | Aver. | 4th*® Aver.** 1st 2nd $rd | 4th | Aver. | 4th** | Aver.** Sample
Pre-Triassic
—  (Prccambrian and
Hardyston) 26 50 30 20 20 10 214/1 2/1 266 | 175 150 | 100 41 | 215/1 2/1 41
Stockton Sandstone 148 60 60 60 50 20 114/1 2u4/1 905 | 700 | 602 | 600 | 147 | 14/l 4/1 80
Argillite 208 185 55 35 30 9 415/1 315/1 90 50 50 50 32 | 114/1 114/1 16
Brunswick Shale 186 60 60 GO 45 15 114/1 3/1 470 | 460 | 412 | 201 110 2/1 2/1 29
Diabase 100 100 60 27 25 9 4/1 3/1 .. . . . . . .. none
Raritan (Magothy-
Raritan) 120 80) 66 G0 60 19 114/1 314/1 1500 | 1150 | 1125 | 1040 327 | 1,/1 3/1 69
Pleistocene 20 80 40 30 20 13 4/1 I/l 340 240 228 200 112 | 114/1 2/1 27

* Arithmetic Mean

** Nominators rounded to necarest onc-half.
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THE GEOLOGY OF MERCER COUNTY IN BRIEF

A ridge of pre-Triassic quartzites, gneisses, and schists, which crops out in the Delaware River form.
ing the falls of Trenton, extends eastward at or very close to the surface as far as Princeton Junction,
These crystalline rocks, which form the so-called “basement,” underlie- the northwesterly dipping sand.
stone, argillites and shales of the Triassic Newark Group of the Piedmont Physiographic Province of
northern Mercer County and underlie the southeasterly dipping Cretaceous and Tertiary Continental Shelf
sediments which form the Coastal Plain Physiographic Province of southern Mercer County.

Except for outcropping in the Delaware River, along the beds of some of the creeks, and at one or
two other locations, the crystalline rocks are capped and masked by a veneer of Pleistocene sediments,
Most of Trenton, much of northeastern Hamilton Township and a considerable part of West Windsor
Township are underlain by these crystalline rocks. South of the main line of the Pennsylvania Railroad,
the crystalline rocks are close enough to the surface in the vicinity of Quaker Gardens, Dutch Neck and
Edinburg to effectively limit the amount of water obtained from industrial and irrigation wells. The

pre-Triassic rocks range from gabbros to granites and pegmatites, from schists to gneisses and include a
wide band of quartzite.

In that part of Mercer County which ‘is within the Coastal Plain Province, only four of the Coastal
Plain Formations are exposed. Nearly half of this part of Mercer County is underlain by the Magothy
and Raritan Formations which are a series of alternating clays and sands. The sand beds and lenses in
the Raritan Formation, particularly when they are wellsorted and free of interstitial clay and silt, are
extremely important as aquifers. The sands of the Magothy Formation are frequently satisfactory for
domestic household well supplies; but it is the coarser, thick, well-sprted sands of the Raritan Formation
which provide water to most of the industrial wells along Route 130 and the Pennsylvania Railroad
freight line from Bordentown to South Amboy. Southeastward of the above-mentioned railroad and high-
way, the Merchantville and Woodbury clays underlie most of the rest of the county.

Most of Mercer County in the Coastal Plain Physiographic Province lies between elevations of sixty
and one hundred feet. Streams generally flow northwestward until they join the Delaware River or As-
sunpink Creek both of which turn and flow westward near Trenton, generally along the northern boun-
dary of the Coastal Plain parallel to the strike of the formations. The relatively flat terrain and the
sandy soil of the Coastal Plain Province has led to the rapid growth of housing developments in south-
ern Mercer County (Hamilton, Washington, East and West Windsor Townships). Many areas underlain

by clays close to the surface are very swampy and have remained wooded while the sandier soils have been
cleared for farming. ‘

Northern Mercer County in the Piedmont Physiographic Province is underlain by the Stockton sand-
stone and Brunswick shale which rise to an elevation of about one hundred sixty feet and are cut by
streams which flow into the Delaware, the Shabakunk, or Stony Brook. The areas underlain by Lockatong
argillite or diabase intrusives form the highest terrain in the county with flat-topped ridges reaching the
general elevation of two hundred feet. The main argillite zone extends from Scudder’s Falls on the Dela-
ware River to and through Princeton Borough. The diabase intrusives of Pennington Mountain on
the Delaware in the northern part of the county reach elevations of just over four hundred feet. The
westward extension of the Palisades sill forms Mt. Lucas north of Princeton and Mt. Rose (Elevation
415’) south of Hopewell. The Sourland Mountains and the high ground, with a general elevation in
excess of three hundred feet, in the northern part of the county in the vicinity of Harbourton, Woods-
ville and north of Hopewell are underlain by sandstone, argillite or diabase.

The geologic structure of Mercer County is rather simple, with a normal sequence of Triassic strata
dipping northwestward, and Cretaceous and Tertiary clays, sands, and gravels dipping southeastward from
the ridge of crystalline rocks extending from Trenton to Princeton. Faults have been mapped in the
crystalline rocks. A major fault in the Triassic on the north side of Hopewell Borough causes repetition
of the Triassic sequence in most of northern Mercer County. Minor faulting occurs near the west end

and on the south sides of the diabase intrusives of Mt. Rose, Pennington Mountain, and Baldpate Moun-
tain. '

Sections A-A’ and B-B’ on Plate II show the stratigraphy and structure described above.

Pleistocene deposits ranging from thick sheets of wind-blown loess, in the Stony Brook watershed
near Pennington, to the coarse yellow gravels of the Pennsauken formation of the southern half of
Mercer County conceal the bedrock and Coastal Plain formations in much of the county. Many of these
deposits act as a sponge for the storage of water, make the soil more permeable, at times more fertile, and
in a few places are thick enough by themselves to be used as aquifers or worked for their gravel.
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Other types of rocks are also usually present within the formation.

STRATIGRAPHIC COLUMN FOR MERCER COUNTY

Geologic time intervals are arbitrary divisions of unequal length. Each may be matched by one or
more geologic formations. An era, the largest division of geologic time, is subdivided into smaller units
called periods. Formations, which are mappable rock units, are usually assigned to periods or smaller
subdivisions of geologic time, on the basis of distinctive fossils, if present, or distinctive lithology. In the
columns below the number in parenthesis indicates the total millions of years before the present when
each geologic period began. The rock type given after the formation name is the most common variety.

Thickness
Era Period : In County Formation and Rock Type
Recent (14,) 307? Soil and alluvium
Cenozoic Quaternary (1)
Pleistocene 150 Glacial deposits
Pliocene
Tertiary  (70) Not present in county
Paleocene
Higher Cretaceous formations not
present in county.
Cretaceous (135) 30 Marshalltown—clay (most expos-
ures outside county)
(Coastal Plain) 120~ Englishtown-sand
(Hamilton, Washington, Windsors, 50/ Woodbury—clay
Hightstown area) 60 Merchantville—clay
Mesozoic 250-300~ Magothy-Raritan—sand and clay
Jurassic (180) Not present in New Jersey
Triassic (225)
4850’ Brunswick—shale
(Hopewell, Ewing, Lawrence, Prince- 2900/ Lockatong—argillite
ton area). Igneous rock-intrusive 3300/ Stockton—sandstone
diabase (Hopewell, Princeton) 1300’ Igneous-diabase
Permian (270 Not present in state
Pennsylvanian : “ “ oo
Mississippian ~ (350) “ * oo
Paleozoic Devonian (400) Not present in county
Silurian (440) “ " “on
Ordovician (500) “ “ “ o
Cambrian (600) Unknown Hardyston—quartzite
(Trenton area)
Precambrian Unknown No named formations in county

(Began billions of years ago)
(Trenton area)
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PRECAMBRIAN ( PRE-TRIASSIC) ROCKS

Pre-Triassic rocks are found exposed in the Delaware River opposite Trenton, within the bed of
Assunpink Creek and elsewhere in excavations in the city, eastward in Lawrence Township, and formerly
as far east as Princeton Junction. This group of rocks consists of the Cambrian Chickies or Hardyston
quartzite, an alleged equivalent of the Wissahickon schists which may be either Precambrian or early
Paleozoic (post-Hardyston) and a meta-gabbro and other igneous rocks such as pegmatite and granite
gneiss, which are generally classed as Precambrian in age. The outcrops in Mercer County are too sparse
to permit the correlation with certainty of these formations to the more extensive outcrop area and ex-
posures west of the Delaware River. The quartzite has a rather striking continuous outcrop across the
river on either side of the Calhoun Street Bridge to Morrisville.

In the 1909 Trenton Folio these rocks are shown as outcropping from beneath the Pleistocene for-
mations as far east as Bakers Basin. On the 1950 State Geologic Map, an outcrop area is indicated just
west of Princeton Junction. Well drilling operations in the past few years in the area between Princeton
Junction, Edinburg and Trenton suggest that the crystalline rocks lie close to the surface below a thin

cover of Pleistocene deposits and underlie a much more extensive area and are much nearer the surface
than has heretofore been indicated.

Since all of these rocks are hard crystallines, yielding water only from fractures, the age and lithologic
differences are not important for the present study. However, when these rocks are close to the surface,
are not capped by Triassic sandstones or Raritan sands and are covered only by Raritan clays or thin
Pleistocene deposits containing much silt, the area underlain by these pre-Triassic rocks becomes impor-
tant in studies of the ground water potential of Mercer County. For convenience in this study, in maps,
sections, and discussion, these crystalline rocks are hereafter referred to as Precambrian without regard

as to whether they are actually Precambrian gneisses or meta-gabbros, Cambrian quartzites, or younger
gneisses and schists,

Field reconnaissance was conducted by the New Jersey Geological Survey in Mercer County during
May, 1960 as a preliminary step in the preparation of a geologic base map for the ground water report
on the area. The existing geologic maps did not seem to agree with information from new exposures
and well data that were not available when the geologic map was revised in 1950.

Prior to commencement of field work, considerable research was conducted on published data on the
pre-Triassic rocks shown in the Trenton and Princeton Junction areas on the State Geologic Map. Out-
crop localities given in the permanent notes were noted on the new U.S.G.S. 1:24000 quadrangle sheets.

Field checking was started in the Trenton area. Precambrian gneiss in a highly weathered state was
found beneath a few feet of overburden in the excavation for a large building 1,500 feet southeast of
U. S. Route #1 on that part of the highway between Texas Avenue and the Lawrence Drive-In Theatr.e.
This area was formerly mapped as Triassic on the geologic map. The occurrence of Precambrian gneiss

at this locality and as outcrops to the west necessitated moving the Triassic-Precambrian contact in a north-
westerly direction nearly one-fourth of a mile.

Reconnaissance was continued in a zone about three miles wide from Trenton to Princeton Junc-
tion on both sides but chiefly southeast of U. S. Route #1. All roads in this area crossing the Cretaceous-
Triassic contact as shown on the geologic map were traveled. All areas of potential outcrop or exposure
were examined including road cuts, stream banks, and excavations for buildings and garbage burial. It
soon became evident that the contact zone as mapped was based on inference rather than on outcrop.
No identifiable outcrops of Cretaceous or Triassic deposits were found within one-fourth mile of either
side of the contact zone as previously mapped. Intensive search disclosed only Pleistocene deposits at
or near the surface. Clay was found in the area between the Delaware and Raritan Canal and Assunpink
Creek just south of Bakersville. The white and gray clay, upon cursory examination, appeared to be
Cretaceous, however, detailed examination and comparison of samples suggests that this clay is a Pleis-
tocene deposit, consisting largely of reworked Raritan Formation and/or Precambrian saprolite materials.

Mention was made in the permanent geologic notes of several Precambrian outcrop areas which
apparently were utilized in preparing the State Geologic Map. All of these localities were visited and
field-checked for this report, and all apparently have been covered by sanitary land fill or other con-
struction in recent years. One of these locations was on the north side of the railroad at a crossing near
Duckpond Run, two miles southwest of Princeton Junction. This, apparently, was concealed by the fill
for the construction of a highway overpass. The most famous locality, a few hundred yards southwest of
the Princeton Junction Station, is now utilized by West Windsor Township as a dump, and the Pre-
cambrian outcropping is no longer visible. However, the yellow and white conglomerate, typical of the
basal Triassic, is still visible north of the dump. A newly constructed farm pond, south of the railroad
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iracks on the Old Post Road several hundred yards southwest of the above-mentioned durpp, showed
that it bottomed in clays containing blue quartz pebbles characteristic of the nearby Precambrian. All .of
the area listed as Precambrian was very carefully searched for outcrop, gnd i_t is concluded that earlier
mapping was based on information from well logs, just as in the case in this report, and on now-van-
ished outcrops.

Simultaneously with the field check operations, all well records on file in the office were consulted
for the area between Trenton and Princeton Junction on either side of the Pennsylvania Railroad main
line. The study of well records was made over an area sufficiently wide so that all areas which anyone
had previously mapped as Precambrian, as well as those areas where there was reason to believe that the
Precambrian was close to the surface, were encompassed.

Twenty-one well records were found adjacent to but outside of the areas formerly mapped as Pre-
cambrian. All of these wells first penetrate Pleistocene deposits of one kind or another. Some end in
identifiable Precambrian rock, while others penetrate a few feet of either gray or yellow clay. In some
of the records, this clay has been interpreted as Cretaceous. It is believed, in view of the material found
in other wells in the general area which have penetrated thick sequences of Pleistocene and in view of
the character of some of the clays observed at the surface in known Pleistocene deposits, that these clays
in the above-mentioned wells are probably reworked Precambrian material. Some of the well logs for
these wells were prepared by geologists, but others were prepared by the local drillers who are believed
to have sufficient experience in the area to be able to identify the various geologic materials. Only those
drillers’ logs whose location was surrounded by reliable sample logs which had been described by geolo-
gists were used in the study and in the preparation of the geologic cross-sections.

West Windsor Township well 25, although a drillers’ log, seems to indicate the existence of a Creta-
ceous filling in a channel in the Precambrian because the interval between 25 and 80 feet is described as
white clay and white sand.

There is a lack of reliable subsurface information in the Great Bear Swamp area. Hamilton Town-
ship wells 73, 74, and 75 to the south and southeast of the swamp according to the drillers’ logs may
penetrate a thin section of Cretaceous before ending in Precambrian rocks. Hamilton Township well.
76 appears to penetrate Pleistocene for its entire depth. The Precambrian-Cretaceous contact has there:
fore been arbitrarily located along the southern portion of Great Bear Swamp. A well drilled in No-
vember, 1960 after the revised contact had been drawn in was located just north of the inferred Precam-
brian boundary. The well struck dark green Precambrian schist at a depth of nine feet.

The shape of the Precambrian outcrop area beneath the Pleistocene suggests that, at several points,
valleys or channels trending north-south, or northeastsouthwest may have been eroded in the Precam-
brian basement. One such channel filled with Pleistocene may be indicated by West Windsor well 64
and 95 drilled for Wing Hing Farms. Other well records and geophysical traverses in the area suggest
that there are other such channels which may have thin deposits of Cretaceous sediments, a thin residual
layer of Triassic rocks, or uneroded weathered Precambrian material in the valley bottom. However, in
most of this area between Trenton and Princeton Junction the Cretaceous or Triassic cover has appar-
ently been eroded away until the Precambrian has been exposed and the valleys thus formed have been
entirely filled with Pleistocene sediments.

Wells Tapping the Precambrian

In the study of the Precambrian rock area of Mercer County, 119 wells and test borings were plotted '
on the 1:2400 scale U.5.G.S. Quadrangle maps of the area. Of this group 26 domestic and 41 industrial
wells were found to be getting their water from. the Precambrian. Twenty other wells were drilled to
the Precambrian but secure their water from the overlying formation.

Only four industrial wells in Ewing Township, all close to the Trenton City line draw from the
Precambrian. Twenty of the Precambrian wells are industrial wells in Trenton. There are 17 domestic
and 7 industrial wells in West Windsor Township all in or around Princeton Junction. The remainder
of the Precambrian wells with one exception are in Hamilton and Lawrence Township within a mile
of the Pennsylvania Railroad main line. The exception is an unsuccessful irrigation test well in Wash-
ington Township nearly three and a half miles south of the railroad.

Domestic wells tapping the joints and fissures in the Precambrian may be expected to vield about
10 gallons per minute from a depth of about 120 feet as shown on the tables below.
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DOMESTIC WELLS YIELD IN GALLONS PER MINUTE

No. of .
Township Wells Maximum Minimum Average Median
West Windsor ........ ... ... . . . . . 17 50 - 0 . 11+ 7
Hamilton ... ... ... .. . . ... .. .. . 4 20 1 9 41,
Lawrence ........... ... . ... .. ... . 3 14 (6) 5
Trenton, City of ... ... .. .. .. . . .. | 2 20 15

DEPTH IN FEET BELOW SURFACE

No. of
Township Wells Maximum Minimum Average, Median
West Windsor ...... ... .. . . . . . . 17 350 52 111 91
Hamilton ........ .. .. .. . ... . . .. 4 205 ' 135 169 203
Lawrence ............ .. ... ... .. . .. 3 123 (113) 65
Trenton, City of ... ....... .. . . .| 2 194 36

Industrial wells in Mercer County drilled to the Precambrian have an average yield of 35 gpm. Only
four out of 37 wells gave 100 gpm or more although nine others gave at least 50 gpm. It should be noted
that four wells from 50- 117 feet deep gave no water and one drilled to 448 gave only 2 gpm. There is
no indication as to where the 100 gpm of water was struck in the 900 foot deep well for the Globe Rub-
ber Works (Trenton $48), the deepest well in the county.

INDUSTRIAL WELLS
YIELD IN GALLONS PER MINUTE

No. of
Township Wells Maximum Minimum Average Median
Trenton, City of ... ....... ... .. . . .. 20 175%+ 0 38 16
West Windsor ... ... ... ... .. . 7 266 17 86* 60
Lawrence ........................ ... 4 70 5 . 15
Ewing .. .. e 4 40 1 . 30
Hamilton ...... .. .. ... .. . . .. . .. 5 60 7 . 15
Washington . ........ . .. e 1 Test
¢ See West Windsor Township.
** See Stokely-Van Camp below.
DEPTH IN FEET BELOW SURFACE
No. of
Township Wells Maximum Minimum Average Median
Trenton, City of ....... ... . .. S 20 1900 50 365 360
West Windsor ...... ... ... . . . . . . .. 7 393 103 266 283
Lawrence ............... ... .. . .. . .. 4 350 59 . 304
Ewing ... ... 4 423 145 . 337
Hamilton ......... . ... .. . . . . . .. 5 - 280 50 .. 121
Washington ........ ... . . .. . . 1 - 244

Among the well records considered for the tabulation in Mercer County was one, #23 in Trenton,
an eight-inch diameter well drilled in 1912 for Stokely-Van Camp, Incorporated, about one-half mile from
the Delaware River. The report indicates that this well was eight inches in diameter and was drilled
520 feet into the Precambrian rocks. It had a static level approximately equal to that of the Delaware
River, and it is believed that it hit a very open fracture in the Precambrian which was directly connected
to the river. The yield reported was 2,000 gpm with a 20-foot drawdown in a pumping test, whose
duration is not indicated. In 1953 it was tested and allegedly gave 50 gpm. This well is so exceptional,
for not only the Precambrian, but also for any rock formation, that it is not included in any tabulation.
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Its reported yield is not given as the maximum Precambrian well, since this seems to bg grossly exag-
gerated on the basis of the many wells that have been drilled in this type of rock. While such yields
are possible in this type of rock or in sandstones or limestones, and indeed do occur at one or. two lo-
cations elsewhere in the state upstream from Trenton in limestones, where the well is close to the Dela-
ware River, such openings cannot be predicted and the probabilities of putting down any one well and
intersecting such an opening are fantastically slim. A note on the well record indicates that the storage
tank was filled in seven or eight hours of pumping. This indicates that the well was pumped at an actual
rate of about 175 gpm. Even this rate is greater than any other Precambrian well in Mercer County.

As it is with most rock wells, so it is in the Precambrian wells of Mercer County; there is no corre-
lation between depth and yield. The following table gives the yield in gallons per minute for fifty-foot
increments of depth.

YIELD IN GALLONS PER MINUTE

Depth (feet) Industrial Wells (41) Domestic Wells (26)
0- 50 .......... 0, 714 20
51-100 .......... 0, 0, 60, no test 10, 30, 10, .., 0, 115, 15, 10, 7, 5
101-150 .......... 11, 16, 20, 30, 15, 17 5, 50, 10, .., 415, 12, 6, 14, 414, 10
1561-200 .......... 0 15, 18
201-250 .......... Tested abandoned, 60, 70 20, 1
251-300 .......... 1, 15, 60, 47, 40 :
301-350 .......... 60, 37, 5, 70, 20, 266, 25 5
351-400 .......... 40, 15, 150
401-450 .......... 2, 85, 15, 40

and also the following six industrial wells with the indicated total depth.
480"~ 84 gpm, 520'- 175 gpm, 598'-70 gpm, 713'-25 gpm, 730’-0 gpm, 900’ 100 gpm.

For the deeper wells there is no assurance that the water was not struck at some elevation well
above the bottom of the hole.

* TRIASSIC ROCKS

Rocks of Triassic age are exposed in eastern North America in several elongated disconnected patches
roughly paralleling the Atlantic Coast from Nova Scotia to North Carolina. One of the largest, widest.
and most complex of these areas, which mark the position of the ancient Triassic valleys, extends from
the Hudson River southwestward through New Jersey into Pennsylvania and thence westward and south-
ward into Virginia. Within this area the strata are tilted gently (10°-25°) to the north or northwest.
The Piedmont Physiographic Province of New Jersey coincides with this area of Triassic rocks. Two-
thirds of New Jersey's citizens live in the Piedmont which constitutes about one-fifth of the state. In
Mercer County everything north of a line nearly coincident with the main line of the Pennsylvania Rail-
road lies within the Piedmont Physiographic Province.

The series was first named by Redfield in 1856 for the area around Newark. After detailed work
prior to 1897 by H. B. Kummel, then State Geologist of New Jersey, the name “Newark Group” was
generally accepted as standard for the Triassic rocks in North America. The Newark Group in most
of the basins consists of two formations—a lower sandstone, or arkose, and an upper series of shales which
are most typically red. Either basalt lava flows or, in the southern states, diabase sills or, as in New
Jersey, both types of igneous rock are found interbedded with or intruding the sediments.

Along the Delaware River and in adjacent Mercer and Hunterdon Counties in New Jersey and in
Bucks and Montgomery Counties in Pennsylvania exposures of the Triassic rocks are widest (about thirty
miles) in the largest of the Triassic basins in eastern North America.

Within this area, also, are nearly all of the outcroppings of the Lockatong formation. As a result
of recent geologic work in the area, it now seems debatable as to what is and what is not within the Lock-
atong formation or whether this rock type should be called a formation at all. Because the Lockatong
argillite most obviously interfingers with and is of the same geologic age as the Brunswick shale, and
because the Lockatong also interfingers with or has a gradational contact with the underlying Stockton,
the term “lithofacies” has been applied (McLaughlin and Willard 1949) to the Lockatong argillite li-
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thology. While the argillite is found as mappable units, its repetition and interfingering lead to difficulties
when the time of deposition is considered, and an attempt is made to establish formational boundaries.

Such a delineation of the outcroppings of various rock types (as formations or as lithofacies), while
each has some merits, becomes awkward in detailed mapping of an area such as Mercer County where
there are several repetitions and interfingering. In this report, therefore, the Triassic is divided into and
mapped as the Stockton sandstone, the Brunswick shale, and the Lockatong argillite. This procedure,
while leaving the problem of formation names unresolved, permits the preparation of a geologic map,
of geologic crossssections and the discussion of the effect of lithologic variation upon ground water re-
sources without ignoring field work done for this report, recent unpublished and uncompleted studies of
the Lockatong rocks, or detailed studies of Pennsylvania geology which have recently been completed.
Later, work may resolve the problem of formation boundaries and may slightly change the shape and
size of the areas in Mercer County mapped as one rock type or another.

The Triassic basin begins near Stony Point, New York, on the west side of the Hudson. To the
south and southwest, Brunswick shale is intruded by diabase and to the northwest is in fault contact
with the Precambrian rocks of the Highlands. Fanglomerates and coarse conglomerates are found in the
western part of the basin near the border fault. From Nyack, New York, southward the Stockton sand-
stone is found beneath the Palisades and southward of Piermont, New York, also above the intrusive
sill. In the western part of the basin from near Oakland, New Jersey, southwestward to near Far Hills
and Somerville, basaltic lava flows (which form the Watchung Mountains and several other high ridges)
are found interbedded with the shales in the upper or younger part of the stratigraphic column. The
eastern border of the Triassic is covered by overlapping Coastal Plain sediments from Bayonne southwest-
ward to Princeton Junction where the contact of Triassic rocks with the older Precambrian and Paleozoic
metasediments is infrequently exposed from beneath a veneer of Pleistocene deposits. '

In contrast to the very thick apparently unrepeated stratigraphic sequence of several thousand feet
of slightly folded and almost unfaulted northwestward dipping sediments and usually concordant igneous
rocks, the New Jersey Triassic west of a line through Far Hills, Somerville and New Brunswick is much
more intensely folded, is broken into several blocks by major faults which cause at least three repetitions
of the stratigraphic sequence, and is intruded by a number of discordant igneous rock bodies. As men-

tioned above, this western part of the New Jersey Triassic basin has extensive exposures of Lockatong
argillite. West of Far Hills the northwestern border of the Triassic is, characteristically, an unconforma-
ble contact with older rocks rather than a prominent border fault as is the case northeast of Far Hills.
For several miles east of the Delaware River and at one or two other places in Hunterdon and Somer-
set Counties, faults again mark the northwest border of the Triassic basin. In Hunterdon County ex-
tensive areas of Triassic fanglomerate are found adjacent to the northwestern border.

In Mercer County the southeastern border is generally masked by Pleistocene deposits. However, out-
croppings of Triassic, Stockton sandstone are frequently only a few hundred feet from areas known to
be underlain by pre-Triassic rocks or from exposures of these rocks. The unconformable contact could
at one time be observed near Princeton Junction. Construction work in and near Trenton has, in the
past few years, created transitory exposures which have permitted the contact to be mapped more pre-
cisely. Geophysical work and well records in the border area suggest that at several places in Mercer
County the Triassic is in fault contact with the underlying older rocks. The southeastern border of the
Triassic is very close to the line of U. S. Route #1.

A normal stratigraphic succession of Stockton sandstone, Lockatong argillite, and Brunswick shale is
found from Trenton and Princeton Junction northward to Moore and Hopewell. The Hopewell fault
has caused an uplifted block of Triassic rocks to repeat the normal stratigraphic sequence a second time
in northern Mercer and southern Hunterdon County. In the northern part of the first or Mercer County
structural block, the westward extension of the Palisades diabase sill is found north of Princeton intrud-
ing and baking both the Brunswick shale and Lockatong argillite. West of Mount Rose the intrusion
becomes more and more like a dike until it is terminated by the Hopewell fault. Four other diabase
intrusions are found in Mercer County west of the Rocky Hill or Palisades sill before one reaches the
Delaware River at Moore.

A small part of the diabase sill in the Hunterdon County block is found in extreme northeastern
Mercer County. Beds belonging to the fanglomerates of northern Hunterdon County do not reach as far
south as Mercer County. The basal Triassic exposed near Princeton Junction is a yellow, arkosic con-
glomerate with sizable quartz pebbles which apparently has been derived from the southeast.

In this report a number of changes have been made in the boundaries of all of the Triassic rocks
as shown on earlier maps. All of these changes were made as the result of field checks by staff members
of the New Jersey Geological Survey and other geologists working on problems of the Triassic in Mercer
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County. The question of formation boundaries is left unresolved for the present. The major difference
between the geologic map in this report and the 1950 geologic map of New Jersey is in the areas mapped
as argillite or shale. The borders between the two types of rock and between the argillite and the Stockton
sandstone may, as the result of later work, be slightly changed. However, the contacts between “forma-
tions” have always been described as, and are, transitional so that new exposures, well records or more
detailed studies. will modify the thickness and precise location of the bands of the various rock types.
Each band of argillite shown on the Mercer County map also occurs west of the river in Bucks County
(Dorf, 1951, Field Trip #2). In Mercer County each argillite area is topographically high, has a large
number of poor wells, and some exposures of argillite rock. The interfingering with shale or sandstone
and the lens-like form of the argillite bodies cannot be precisely portrayed on the map (Plate I) at the
scale used in this report. In this report, however, each of the belts.or bands of argillite shown contains
a sufficient thickness of argillite to have an appreciable effect upon local ground water conditions.

Unrepeated by faulting or folding between the southern boundary of the Triassic basin and the
Hopewell fault in Mercer County, the Triassic formations have the following approximate stratigraphic
thicknesses:

Stockton sandstone ... . ... 2,500 — 3,300
Main band of Lockatong argillite ............. ... ... .. . . . . ... . .. 1,000 - 1,900
All other bands of Lockatong argillite ................ ... ... .. .. . . . . 900’ - 1,000
Brunswick shale (including first or southerly band) ............ ... . .. .. 4,350’ — 4,850
Less an overlap of the 2nd and 3rd bands of Lockatong with the Brunswick

shale ..o 500"~ 700’
Total Triassic Sedimentary Section in Mercer County .. ... ... .. ... .. ... 8,250 — 10,350
Palisades or Rocky Hill sill at Mt. Lucas (Princeton) ... ... .............. 900’ - 1,300

In northern Mercer County, the normal stratigraphic sequence is partially repeated north of the Hope-
well fault. However, faulting and diabase intrusions in Hunterdon County complicate the geology and,
therefore, the ground water conditions so that Mercer County is a better area than most parts of the
state to study the difference in ground water conditions between the several Triassic formations.

The areas underlain by Stockton sandstone and Lockatong argillite are relatively small outside of
Hunterdon and Mercer Counties. In the other New Jersey counties underlain by Triassic rocks, the
Brunswick shale is the predominant rock type. Diabase and Stockton sandstone are found in Hudson and
Bergen Counties, but most of the area is served by water companies and well records are relatively scarce.

Although about 909, of the areas in Mercer County underlain by Brunswick shale are found in Hope-
well Township, the area of the township is large enough so that the wells completed in the shale may
be compared to wells finished in the other Triassic formations. By comparing wells in the Hopewell
Township shale areas with wells in Montgomery and Bridgewater Townships in Somerset County, it is
possible to compare ground water conditions in a large area of geologically uncomplicated shale with a siza-
ble area of shale which is interbedded with argillite, intruded by diabase and is, geologically, moderately
complex. ,

In this report, wells in the Brunswick shale will be summarized for various areas of Hopewell Town-
ship and then compared with compilations of well records in Montgomery Township, and in two struc-
turally different areas of Bridgewater Township. The wells in the Stockton sandstone and the diabase
will be compared between townships. This will also be done for the Lockatong argillite, the wells in the
several bands, and to a lesser extent wells in the argillite of southern Hunterdon County.

STOCKTON SANDSTONE

The Stockton sandstone is found in two areas of Mercer County. The main area of outcrop extends
eastward from the Delaware River through the City of Trenton and the Townships of Ewing, Lawrence,
Princeton, and West Windsor. It continues eastward into Plainsboro Township in Middlesex County.
The second area lies north of the Hopewell fault where the Stockton sandstone is found on the north

side of the fault from a point near Harbourton northeastward into Montgomery Township, Somerset
County.

The main area underlain by Stockton sandstone is approximately thirty-five square miles in extent.
The Stockton sandstone is exposed along the Delaware River for a distance of approximately three and
three-fourths miles starting about one mile north of the Calhoun Street Bridge in Trenton. Along the

Millstone River on the eastern border of the county the area underlain by sandstone is only about two
and one-half miles wide.
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There is reason to believe that in the western part of Mercer County (particularly in the vicinity of
Wilburtha) one or more small faults may repeat part of the Stockton sandstone stratigraphic sequence.
The Stockton -sandstone in Mercer County is some 2,500 to 3,500 feet thick. It lies unconformably upon
early Paleozoic and Precambrian rocks in the vicinity of Princeton Junction and Clarksville. The Stock-
ton sandstone is also in fault contact with the underlying pre-Triassic rocks at several places which are
buried by Pleistocene or Cretaceous cover. The upper or northern contact of the formation is usually
gradational for about two hundred feet into the Lockatong argillite. However, in the vicinity of Ewing,
West Trenton, and Scudders Falls there probably is a fault contact between the Stockton sandstone and
the Lockatong argillite.

The second or Hopewell Township occurrence of the Stockton sandstone covers an area of a little
more than five square miles. It is wedged out south of Harbourton by the Hopewell fault but rapidly
widens eastward until it represents a stratigraphic thickness of 500 to 800 feet. Extending eastward into
Montgomery Township of Middlesex County, it again is pinched out by the Hopewell fault within about
one and one-half miles of the Mercer County line. This area of Stockton sandstone is topographically high
forming the southerly slopes of the Hunterdon Plateau north of Hopewell and a high ridge south of
Harbourton. The ridge of sandstone is traversed by Stony Brook in a narrow ravine about one mile
northwest of Glen Moore. Although the Stockton sandstone, in general, is higher topographically than
the Brunswick shale to the south and in places forms the southerly slopes of moderately high ridges, it is
not as resistant to erosion as either the diabase intrusives or the Lockatong argillite which lie on either
side of the sandstone between Harbourton and Hopewell Borough. As is the case in the main exposure
of Stockton sandstone, the Hopewell Township occurrence has a gradational contact of about two hun-
dred feet into the overlying Lockatcong argillite. In the area of this occurrence of the Stockton sandstone,
most of the land is devoted to farms and country homes of several acres. There is no industry and there are
only three wells which could be classified as industrial wells in the area. Two of these draw water from
the fault zone of the Hopewell fault which forms the southern boundary of this area of Stockton sandstone.

In the main Mercer County area of Stockton sandstone there is a great deal of industry along U. S.
Highway #1 and the Pennsylvania Railroad in the vicinity of Trenton and Penns Neck. Although
there are still a great many areas still devoted to farms in Lawrence, Princeton, and West Windsor Town-
ships, many areas are now or soon will be housing developments with either individual wells or wells
supplying water to small water companies. There are some 77 industrial and public water supply wells
drawing water from cracks, crevasses, and openings in this main Stockton sandstone area. The indus-
trial wells completed in the Stockton sandstone have minimum yields of between 18 and 30 gallons per
minute and average 100 gpm per well. The best well in the Stockton sandstone originally gave 905 gpm
on a pump test.

There are some 149 domestic wells drawing water from the Stockton sandstone. Of these, only three
give less than 5 gpm. Most domestic Stockton sandstone wells give between 5 and 20 gpm. Most of the
wells are to be found in the more sparsely settled areas of Ewing, Lawrence, Princeton, and West Windsor
Townships. Most of the more heavily populated areas are served by water companies which draw their
water from wells in the Stockton sandstone. A large area underlain by Stockton sandstone is served by
the Trenton Water Company which is supplied from the Delaware River, but within this water service
area there are a number of small water companies which get their water from sandstone wells.

During World War II the experience of homeowners in the settlement of Penns Neck illustrated the
difficulties which may be expected in areas underlain by “hard rock” formations when a major water
user suddenly moves into or adjacent to an area already rather densely populated and relying on many
individual wells for a water supply. Most domestic wells in the Penns Neck area were around 100 feet
deep. A penicillin plant was erected just west of the settlement. Four deep, large capacity wells, which
were pumped on a 24-hour basis, were completed in the Stockton sandstone. Very soon after this major
industrial use of water started, most of the domestic wells in the settlement went dry. Protests were
made without effect and many homeowners deepened their wells. The continued pumping of the for-
mation proved unsatisfactory so that in less than two years the owners were forced to drill an additional
well and finally a water supply had to be obtained from the Delaware and Raritan Canal approximately
half a mile to the north of the plant site. At the present time only two of these wells are held in a
stand-by condition, two have been abandoned, and one was never used. The ground water is no longer
being overpumped and has probably returned to its former static level.

20



STOCKTON FORMATION

DOMESTIC WELLS YIELD IN GALLONS PER MINUTE
No. of

Township Wells Maximum Minimum Average Median
Hopewell ............... . ........... 22 50 1 35 12
Ewing .. ... ... . ... oL 64 .60 5 17 15
Trenton ... .. ........ ... ......... 1 : 15 o g .
Lawrence ........................... 33 35 5 15 15
Princeton ........................... 11 60 12 26 20
West Windsor ...................... 17+ 60 6 19 15

¢ No yield given for one well.

I INDUSTRIAL WELLS YIELD IN GALLONS PER MINUTE
No. of
Township Wells Maximum Minimum Average Median-
Hopewell ........................... 4 124 (50) 18 (40) .
Ewing ... ... .. ... 18 207 50 121 110
’ Trenton ... ...... ... ... ... ... .. ... 8 602 45 164 121
Lawrence ........................... 20 340 30 94 75
I Princeton ........ ... ... .. ... ... .. 3 905 (600) 200 . .
West Windsor ....................... 27 700 25 165 100
I STOCKTON FORMATION .
: DOMESTIC WELLS DEPTH IN FEET BELOW SURFACE
) No. of
. I Township Wells Maximum Minimum Average Median
Hopewell ............... ... ... ... 22 271 52 129 129
Ewing ......... ... .. ... L 64 670 22 108
I Trenton ... ... ... ... ... ... . ... 1 90 .. . .
Lawrence ........................... 33 242 55 100 95
Princeton . ............. ... ... ... .. 11 -190 85 140 131
l West Windsor ................... ... 18 188 52 97 85
INDUSTRIAL WELLS DEPTH IN FEET BELOW SURFACE
No. of - ,
l Township Wells Maximum Minimum Average Median-
Hopewell ....... ... ... .... . ... ... 4 362 (251) - 159(243) .
I Ewing ............. ... ... ... 18 603 150 274 205
Trenton ......................... ... 8 588 200 351 322
Lawrence .............. ... ...... ... 20 402 83 177 164
l Princeton ... ........ ... ... ... .. .. .. 3 583 302 (304) - .
West Windsor ................... ... 27 518 40 269 300
' ARGILLITE
About thirty-five square miles (13%) of Mercer County in the four northern townships (Hopewell,
Ewing, Lawrence, and Princeton) are underlain by Lockatong argillite. As explained elsewhere in this
I _ report, the argillite is a rock type (lithofacies) in the normal Triassic stratigraphic sequence which is in-
terbedded with, and is in part equivalent to, the Brunswick shale. Earlier workers mapped the argillite
) as a formation, and in this report it is so shown on’ maps and sections and so treated in the discussion.
No attempt will be made here to solve this geologic problem; for simplicity the argillite will be treated
as a formation.
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On the maps and sections wherever there is a sufficient stratigraphic thickness of argillite beds
to have an effect upon the ground waiter conditions, it has been shown as a [ormation. Within the areas
mapped as argillite there are shale beds, small faults, and structures which cause some argillite wells to
be better than average.

Within areas shown as shale, there may be occasional beds of argillite of limited extent. There will
be a slightly reduced ground water potential and expectation for a number of homes or for a small hous-
ing development in such areas. However, while this may cause an individual problem, the effect will
not be enough to warrant modification of the average values for wells in shale. Most contacts between the
argillite and the Brunswick shale or Stockton sandstone are gradational with alternating beds of different
lithology over a hundred feet or more of stratigraphic thickness. This transition can be most effectively
observed in the road cut of Washington Road just north of Lake Carnegie as one approaches Princeton
from the south. It is less obvious but can be observed in the pattern of surface outcroppings along Route
#569 northward from Route #206 to Elm Ridge Road. This transitional contact has been recognized
and reported by drillers in at least six well records located along the contacts shown on the map. These
wells in the alternating transition beds of argillite and sandstone or argillite and shale, more often than
not, are slightly better than the average yield for wells in either formation.

On the geologic map of the state and in some of the earlier works the Lockatong argillite is shown
as a single formation between the Stockton sandstone and the Brunswick shale in Ewing, Lawrence, and
Princeton Townships. More recent work by Van Houten (1962) and McLaughlin (1959) supplemented
by field reconnaissance for this report suggests that the area previously mapped as argillite consists of
a main area of massive argillite some 1,000 to 1,900 feet thick, a shale zone 400 to 600 feet thick (shown
as Brunswick) and a second continuous but thinner (300 to 400 feet) argillite band. Where this argillite
band is found in Princeton Township, it has, on occasion, been mapped and described as metamorphosed
Brunswick shale because of its proximity to the Rocky Hill diabase intrusive. In the county tabulation

“of depth and yield, the two bands of argillite and all other occurrences are discussed as a single lith-

ologic unit.

In addition to the two bands of argillite extending eastward from the Delaware River into Princeton
Township, there are other areas in Hopewell Township underlain by argillite. The largest of these areas
is in northern Hopewell Township and in adjacent West Amwell and East Amwell of Hunterdon County.
Its southern border is the Hopewell fault as far east as Harbourton where it is conformably above Stock-
ton sandstone. In central Hopewell Township, there are two belts of argiilite extending eastward from
the Delaware River to the vicinity of Pennington and to the vicinity of Glen Moore. The area under-
lain by argillite represents several hundred feet of stratigraphic thickness of argillite interbedded with
very minor amounts of shale. Each of these separate areas of argillite has been analyzed in the Hopewell
Township discussion, but all 116 wells drawing water from argillite in Hopewell Township are treated
as a single wunit.

Since the argillite is more of a ridge-former than the shale or sandstone, the areas underlain by argil-
lite have proved to be attractive for residential development—generally with large expensive houses on
fairly large lots. Except for the area of Princeton Borough which is served by a water company with wells
outside the argillite area, there are no dense concentrations of people in the argillite area. West of Mer-
cer County Airport over to the Delaware River south of Jacobs Creek and north of Scudders Falls, there
are several realty developments which, up to the present time, have depended upon individual wells and
septic tanks. There are similar concentrations of individual homes on moderatesize lots in Hopewell
Township north of Ewingville and in argillite areas north of the village of Lawrenceville. Water prob-
lems in these areas are discussed in the Princeton, Lawrence, and Hopewell Township discussions.

The concentration of housing in argillite areas along the Delaware River in Ewing Township south
of Jacobs Creek deserves particular attention. Approximately thirty of the Ewing Township domestic wells
are found in this area. With two notable exceptions which may fortuitously be located on a minor fault,
the wells are notably unsatisfactory, giving an average and a median which is just acceptable as a mini-
mum requirement. In this area most of the home sites are on one to one-and-one-half acre lots. Over
the years we have been asked to advise on problems of pollution, on where to locate a second well, and
on what to do about sudden diversion of water from an existing well because a new well has been drilled
next door. We also have one instance in which there was actual highjacking of a domestic water supply
during a drought period. In this instance a neighbor wishing to fill his children’s wading pool attached
his hose to another neighbor’s outside faucet, believing the neighbor would not be home until five o’clock.
The neighbor arrived home early and, of course, was irate. Later in the evening when an attempt was
made to do some laundry the domestic water supply had been so depleted in filling the wading pool that
red silt was pumped into the washing machine. ,
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above, one of the home owners who was an early settler in the area had a Very satisfactory wejj giv
ing 10 gpm from 116 feet. Some twelve vears after his home was built a new home was erected . (in 1g5q
on the lot next door. The lots in this area were approximately one acre in size. The new neighbor g;

not get water until his well reached 628 feet at which time he secured 10 gpm and the origina] g]
well immediately went dry.

In an analysis of 225 argillite wells and 215 shale wells (both domestic and industrial)
County, we find that 339, of the argillite wells gave 4 gpm or less and may, therefore, be
inadequate. Two of these wells were industrial wells. In contrast, only 5%, of the shale wells gave 4
gpm or less and none of these were industrial wells. The comparison also shows that the lowest 19
of the argillite wells gave 2 gPm or less, whereas half of the lowest 10%, of shale wells gave 5 gpm which

is a minimum adequate supply. The lowest 50%, of the argillite wells gave 6 gpm or less, whereas the
lowest 509, of the shale wells gave 11 gpm or less.

Of the industrial wells drilled in argillite, half gave 20 gpm or less and the other half, with twe
exceptions, gave between 20 and 50 gpm. One domestic argillite well gave 135 gpm. In contrast, of the

30 industrial wells drilled in shale only three gave less than 20 gpm, while half gave in excess of 5 gpm
with 5 giving 200 gpm or over. '

Since only occasional argillite wells give more than 20 gpm, an effort' was made to determine whether
or not there was any geologic control over the better argillite wells. No certain pattern was developed,
but four argillite wells giving 20 to 30 gpm in the vicinity of Woodsville were located close to 2 linear
topographic feature which is not parallel to the strike of the argillite. In the previously described Mercer
Airport and Ewing ‘Township residential concentration to the west, nine argillite wells (including four
industrial wells) were much better than average, giving from 20 to 90 gpm. Several of these wells are
found to be on linear features and one giving 90 gpm is close to the contact between the Stockton sand-
stone and the Lockatong argillite which in this area is almost certainly a fault contact. The position
of the other argillite wells giving more than 20 8pm suggests that the satisfactory argillite wells are de-
pendent upon minor faults, major joints, and perhaps lenses of interbedded shale, all of which will

result in more frequent, more open, and more closely spaced fractures than can be found in the normal
argillite.

In Mercer
considereq

LOCKATONG ARGILLITE

DOMESTIC WELLS YIELD IN GALLONS PER MINUTE
No. of
Township Wells Maximum Minimum Average Median
Hopewell ........ .. ... . ... . . . . 115* 35 34 7 5
Ewing ... ... .. 35 - 20 1 5 5
Lawrence ... ... .. ... . .. .. .. .. . 32 30 2 10 7
Princeton ....... .. . . . . . . 26 55 1z gue 6
* One well 135 gpm from 116’ not included.
** Average of 25 wells without 55 gpm wells is 6 gpm.
One-third of wells give 3 gpm or less.
INDUSTRIAL WELLS YIELD IN GALLONS PER MINUTE
No. of
Township Wells Maximum Minimum Average Median
Hopewell ..... ... .. .. . . . . . . 4 ., 50 VA 29
Ewing ... ... .. . 4 90 12 39+
Lawrence ......... ... ... . . .. . .6 50 2 25
Princeton ....... . ... .. .. . .. . 2 50 38 -

* Average of three wells 23 gpm.
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LOCKATONG ARGILLITE

DOMESTIC WELLS DEPTH IN FEET BELOW SURFACE

No. of
Township Wells Maximum Minimum Average Median
Hopewell ........................... 116 400 48 153 130
Ewing ... . . 35 798 62 159 123
Lawrence ....................oo.... 32 350 50 147 125
Princeton ........................... 26 610 77 218 175
INDUSTRIAL WELLS DEPTH IN FEET BELOW SURFACE

No. of
Township ' Wells Maximum Minimum Average Median
Hopewell ... ... ... ... ......... .. 4 413 120 241
Ewing ... . ... ... ... . ... 4 436 123 298 -
Lawrence ........................... 6 327 208 256 250
Princeton ... ... ... ... ... ... .. 2 300 85

BRUNSWICK SHALE

Most of the Brunswick shale is a very fine-grained, thin-bedded, bright red, argillaceous shale which
will quickly weather into thin flakes or flat angular fragments and eventually into a soft, sticky, red mud.
Some siltstones and occasional beds of black, gray, greenish or bluish shales are found. Adjacent to the
diabase intrusions the shale is a uniform, gray weathering, hard hornfels. In the older reports, such as
the Raritan Folio and Bulletin #50, lithologic characteristics found in the argillite are also attributed
to the Brunswick shale. In studies by McLaughlin, the Brunswick formation is mapped and described
as containing red and dark gray argillite members and the Lockatong formation is mapped and described
as including some red shales.

Older descriptions of the Brunswick formation mention abundant plant fossils as being found, but
these may properly belong to the interbedded argillites. Dinosaur footprints and some skeletal material
from vertebrates have been found in the shale beds of the Brunswick formation. Fossils, however, are
extremely rare in the shales as are distinctive minor structures such as bedding, ripple marks, mud cracks,
and rain drop impressions. All are described as belonging to the shales of the Brunswick formation, but
more recent work suggests that most of these would seem to be more commonly found in the argillite beds.

Areas underlain by shale are topographically low. Outcroppings decompose rapidly to a slumped
bank of mud and fragments. Fresh red argillite and red shale are at first glance easily confused, as many
a homeow'ner who sought to use slabs of rock excavated from his basement for a garden wall has found
t0 his sorrow. In from two to four years the pieces of shale or siltstone will crumble to a mass of small
fragments. Areas of heavy red clay soil without exposures of rock are apt to be areas underlain by shale.
Outcroppings are more frequently argillite or sandstone. The depth to which the shale is weathered
depends not only upon the slope, but also upon the presence or absence of Pleistocene surficial deposits.
In general, the Brunswick shale will be easily broken up to depths of seven to ten feet where land slope
'S Dot a factor. In well drilling, twenty to thirty feet of casing is in order most of the time. Cuttings
will produce a sticky mud to a considerable depth and may “mud-off” small amounts of water in cracks
near'the surface. Drillers become more hopeful of water when harder beds are hit or when “white
;fr);tlsl appear. These “white spots” would seem to be calcite in shale or analcime in the interbedded

Ulite, .

Neafly ninety percent of the area underlain by shale in Mercer County is to be found in Hopewell
Township. Within Hopewell Township, shale underlies slightly more than fifty percent of the total
area and all of this, except two or three square miles in the southern part of the township and less than
?osqua{e mile west of Woodsville, is found beneath the lower ground through the central part of the
er‘V]VI}I{hl[? frc_)m the Delaware' River northeastward to Pennington, Hopewell, and beyond into Montgom-
R ownship. From the point of view of area and the availability of well records, ground water con-

!tions in the Brunswick shale of Hopewell Township are the ground water conditions to be found in
this formation in Mercer County.

and '};he Brunswick shale, for all practical purposes, is an impermeable rock. Water is derived from cracks
ssures whether they be joints, bedding planes, or faults. The more frequent and open the joints,
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the more severe the faulting with related shattering of the rock, or the more variation between hard
or competent beds and soft or less competent beds in slightly folded rocks, the greater the probability
of being able to drill and bring in successful wells with higher than average yields. On the other hand,
intrusion by diabase with its accompanying baking and metamorphism, interbedding with apprecia-
ble thicknesses of argillite, or folding or other deformation of less competent shales between thick bands
of competent strata may reduce, seal, or otherwise eliminate the number or openness of cracks and fis-
sures in the rock and thereby reduce the reasonable expectations of the quantity of ground water which
may be secured from wells.

All of these varying conditions are illustrated in the three areas of Brunswick shale found in Hope-
well Township. There are no wells in the small area of shale in Hopewell Township west of Woods-
ville on the northern border of Mercer County. Stratigraphically above a thick argillite zone, it is in-
truded by diabase on the north in East and West Amwell Township in Hunterdon County and is, in part,
baked by the intrusion. It is also a relatively narrow belt of shale between two broad bands of more
competent rock. Seven available well records in West Amwell Township indicate yields of from 214 gpm
to 9 gpm with an average and median yield of 4 gpm. Depths range from 108’ to 200’ with an average
depth of 135" Although the depths of the wells are about average or slightly less than in Hopewell
Township and Mercer County, the reported yields are all very low and with an average and median yield
of less than half of what may normally be expected.

The second area underlain by the Brunswick shale in Mercer County is chiefly in southern Hope-
well Township. It extends as a narrow belt of shale between two much thicker bands of argillite from
the Delaware River northeastward through the northern tip of Lawrence Township into Princeton Town-
ship and continues into Somerset County just north of the village of Kingston. Two domestic wells
in Lawrence Township, eight in Princeton Township, and twenty in Hopewell Township tap water-bear-
ing fissures in this belt of shale. Also found in this band of shale are three of the Hopewell Township
industrial wells and the five industrial wells in shale in Princeton Township. The domestic wells are
all average and conform to the over-all pattern in every way except that a slightly higher number of mini-
mum producers giving around 5 gpm are offset by few wells giving 15 gpm or more. The three in-
dustrial wells in the Bristol-Myers tract in Hopewell Township and the five industrial Princeton Town-
ship wells include seven of the top ten yields for industrial wells in shale in the county. All are eight
inches in diameter or larger and have a range in depth rather evenly distributed from the third shallowest
to the deepest but one.

The better-than-average yield for the industrial wells in this belt of shale may be accounted for by
two conditions as compared to the other industrial wells in shale in Mercer County. All have been
drilled in the last ten years and at least five were located by geologists using their knowledge of local
structural conditions to try to make the wells intercept major joints or minor faults.

Of the domestic wells in this belt of Brunswick shale, 13 (#250-#262) were drilled during 1960,
1961, and 1962 for a realty development in Hopewell Township on the Lawrenceville Road in an area
about 500 - 700 feet north and stratigraphically above the approximate top or northern contact of the
main band of argiilite. Of these wells, nine are from 75’ to 125’ deep and are reported as giving 20 gpm
from 75, 16 gpm from 98, 12 gpm from 106’, 25 gpm from 115, 514 gpm from 128, and notice, 8 gpm
from 124, on two occasions, and 5 gpm from 125’. The remaining four wells are the poorest in the group
and all are in excess of 183’ deep, giving 4 gpm from 183’ and from three wells, each 225’ deep, 3V4, 214,
and 5 gpm. The yields, depths and location relationships suggest that the wells over 125’ deep are com-
pleted in the underlying argillite.

A similar local geologic relationship is found in the case of wells #267 - $#288 for a Washington
Hills Development on the Pennington-Titusville Road. Even discounting over-optimistic reports of yields
from the particular driller who constructed most of the wells, all are adequate from the 10 gpm at 142/
down to 60 gpm at 240’. With three exceptions, the 17 wells in this depth range give in excess of 10
gpm; the three exceptions give 7 gpm from 160/ and 175’ and 9 gpm from 175’. In this group the three
largest producers reported are 60 gpm from 94(y, 42 gpm from 175 and 40 gpm from 215". However, of
the five deepest wells, four drilled to a depth of 250" give 8, 7, 15, and 11% gpm; and one drilled to 257’
is reported as giving 2 gpm. Again, in this instance, the wells have been drilled just north of an argil-
lite band which forms a prominent ridge extending eastward from the Delaware River for about two
miles to Jacobs Creek and then as a less distinct ridge eastward beyond Jacobs Creek to the high ground
northwest of Pennington, suggesting that the deeper wells with low yields were completed in argillite.

The remaining 134 domestic wells and 20 industrial wells in Hopewell Township are scattered through-
out the area underlain by shale with the majority sufficiently far away from the upper argillite contacts
so that the argillite will not be encountered at any reasonable depth. In western Hopewell Township
(west of Route $#69), two large diabase intrusions and three bands of argillite, two of which have al-
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ready been mentioned above, are found dividing the broad belt of Brunswick shale into several smaller
areas. East of Pennington and Glen Moore, the argillite bands die out and the shale in the eastern part
of the township is only interrupted by the intrusion of the Rocky Hill diabase and the small intrusive
plug of diabase near Glen Moore.

Included in the 134 wells mentioned above are 28 wells in a development along Dublin Road just
west of Pennington. All the wells have been completed in, and the entire tract is underlain by, t}'plcal
red Brunswick shale. The wells, in depth and yield, are as good as any other group as indicated in the

summary of Hopewell Township domestic wells which gives the statistics for the five groups of wells men- -

tioned in this discussion. The well records are all from more reliable drillers and most are from one
driller whose reports are known to be reliable. Each house has an individual well and 'septic tan}c SYs-
tem. The building lots in the development range in size from one-half to two-thirds acre or slightly
more. Although not all wells were considered in the sample, those included cover wells for houses in
the first unit built in 1954 and wells completed in 1961. In this eight year period, the depths of the wells
in the area have increased from the 134’- 165’ range in 1954 to the 175'- 249 range of 1961 and reported
yields have dropped from an average of 15 gpm in 1954 (6-28 gpm range) to a 10 gpm average in 1961.
During the summer of 1962 one family in the first section of the development had to deepen their well
and a second lowered the intake.

A comparison of the Mercer County shale wells (given at the end of this section), with groups of
similar wells in Montgomery Township bordering Mercer County on the northeast and Bridgewater Town-
ship further east in Somerset County, shows that, because of the diabase intrusions and more complex
structure and stratigraphy, the Mercer County domestic wells are slightly deeper, are spread over a greater
range of yields, and have a slightly higher percentage of low yields than is the case with the wells in
wide areas of shale uncomplicated by argillite, intrusions of diabase or basaltic lava flows.

The depth and yield figures for wells in the shale of Washington Valley in Bridgewater Township,
which lies between the two more competent bands of the Watchung basalts, indicate that the average
ground water conditions there are almost identical to those found in the Brunswick shale in Mercer
County where the shales are intruded by diabase or are found between bands of argillite.

A comparison of industrial wells in the several shale areas (because of geographic factors, the greater
range in diameters, and the smaller size of the sample) is not as significant as a comparison of domestic
wells. However, such an industrial well summary is included at the end of this section.

In attempting to solve individual well problems and give reasonable accurate answers as to reason-
able expectations of depth and yield, the characteristics of depth and yield reported for the nearest wells
are, of course, used when checking against the local subsurface conditions. However, the question ‘often
arises as to how large a sample is necessary in order to secure at least some of the best and some of the
worst yields. Five wells would not seem to be an adequate sample; ten wells give a general indication of
what may be expected. A sample of at least twenty wells would seem to be the minimum size desirable,
if the effects of several common variables are to be reduced. In order to come up with reasonable ex-
pectations as to maximum, minimum, averages and probabilities, the several compilations seem to indi-
cate that a desirable sample size for any township analysis is in excess of fifty wells. Put in a different
way, local variations in any one square mile may seriously affect the results of any statistical summary
unless the results are compared against samples of adequate size from other nearby areas. The two tabu-
lations given at the end of this section illustrate some of the problems involved in securing a significant
sample of well records.

Because of the large size of the sample of well records used in Hopewell Township, three addi-
tional comparisons would seem in order: (I) depth-yield; (2) diameter - yield relationships; (3) percent-
age of wells in the various yield ranges. '

With respect to depth and yield, the twenty-nine industrial wells completed in shale were tabulated
in order of depth from the deepest (800’) to the shallowest (150’) with the following results:

Diam. Depth Diam. Depth
(Inch.) (Feet) GPM (Inch.) (Feet) GPM
6 800 29 8 512 40
10 708* 140 8 501 33
10 657 45 6 500 43
12 572 88 10 422 470

¢ The 708" well got its water at 230°. If this comparison indicates anything, it would seem to be that drilling a2 well
to depths of over 500" is hardly worthwhile and that drilling to a depth over 200’ is desirable unless a yield of 50 gpm or
more has been sccured at a lesser depth.
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Diam. Depth Diam. Depth
(Inch.) (Feet) GPM (Inch.) (Feet) GPM
10 407 14 6 228 8
12 403 197 8 201 50
8 400 78 8 188 104
10 393 460 6 186 50
8 : 300 45 6 183 11
6 300 412 8 179 140
8 300 70 10 178 ' 22
8 300 68 10 178 22
10 273 201 6 159 40
8 250 36 6 150 150
8 230 114

er of the well given in the second column suggests that 8"

a 6/ well. Perhaps, however, since it is the size of
1d if the fracture is there

A tabulation by yield with the diamet
or 10" diameter wells may be more successful than
the fracture that is the governing factor, the large diameter permits a greater yie
in the first place. . '

Industrial Wells in Hopewell Township
Diameter in Inches Compared to Yield in Gallons Per Minute

Diameter

In Inches 107 8" 6" 10" 8’ 6"
470 . .. .. 68
Yield 460 . .. . 50 50
o 412 . 45 45 43
In 201 .. 40 40

* .. 38 ..

Gallons .. .. 150 . 36
140 .. .. .. 33 ..
Per .. 114 .. . 29

104 . 22

Minute . 78 . 14 . ..
. 70 . . . 11
8

I
s A 12" well gave 197 gpm.

00 industrial and domestic wells in Hopewell Township, we find
p 10% of yields. This might be expected. One industrial

Using the reported yield of the 2
¢ the wells give 30 gpm or more and

two-thirds of the industrial wells are in the to
well, however, is in the lowest 109, of all yields. Twenty percent 0

209, give 7 gpm or less with only 5%, giving less than 5 gpm.

BRUNSWICK SHALE
DOMESTIC WELLS YIELD IN GALLONS PER MINUTE
No. of
Township Wells Maximum_ Minitmum Average Median
Hopewell ... 176 60 Yo 15 10
PrNCEtON . . o ooeoem 8 30 5 11 8
LaWIence . . ... ooc-coeiit 2 7 5 . .
All Shale (Mercer Co) .......o-- o 186 60 Vo 15 .
MORLGOMETY - wooorss 43 - 40 3 13 14
Bridgewater :
a. Washington Valley ...........- 95 25 - 8 12 10
b. South of 1st Watchungs ... 144 35 2 13 12
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" [NDUSTRIAL WELLS YIELD IN GALLONS PER MINUTE

No. of
Township Wells Maximum Minimum Average -  Median
Hopewell ... 24 412 8 76 50
PrNCELON .. oo o 5 470 88 271 197
LAWIENCE . . oo cvoveee oo e e . . .. . .
All Shale (Mercer Co.) ... ......... 29 470 8 110 50
MONtEOMETY .. ... .o 15 296 22 100 106
Bridgewater
a. Washington Valley ........... ... 4 (50, 50, 30, 20)
b. South of 1st Watchungs ......... 46 664 32 183 137
NOTE: Montgomery and Bridgewater Townships are in Somerset County.
BRUNSWICK SHALE _
DOMESTIC WELLS ' DEPTH IN FEET BELOW SURFACE
‘No. of
Township Wells Maximum Minimum Average Median
Hopewell ... .......... ... ........ 176 397 45 154 145
Princeton ... ... ... ... . ... ... ... .. 8 350 98 210 181
Lawrence ... ... ... ...... ... ... ..., . 204 131 .
All Shale (Mercer Co.) .............. 156 397 45 156 .
Montgomery .......... ... ......... 43 251 90 146 139
Bridgewater ,
a. Washington Valley .............. 95 205 84 131 130
b. South of Ist Watchungs .......... 144 300 77 185 152
INDUSTRIAL WELLS DEPTH IN FEET BELOW SURFACE
No. of
Township Wells Maximum Minimum Average Median
Hopewell ... .. ... ................ 23 800 (708) 150 283 300
Princeton ... . ... ....... ... .......... 5 572 179 394 403
Lawrence ................ ... ...... . . - . ..
All Shale (Mercer Co.) ... ........... . 800 150 349 300
Montgomery ........................ 16 532 100 ' 290 303
Bridgewater ’ :
a. Washington Valley ... ........... 4 (850, 300, 300, 165)
b. South of Ist Watchungs ... .. .. . 47 707 128 343 310

NOTE: Montgomery and Bridgewater Townships are in Somecrset County.
* Well 800" deep not included.

DIABASE

Six intrusions of diabase are found in the northern part of Mercer County in Hopewell Township;
only one, the westward continuation of the Rocky Hill or Palisades sill, is found outside Hopewell Town-
ship in adjacent Princeton Township. Approximately twelve square miles of Mercer County is underlain
by diabase. The diabase areas are usually wooded and, topographically, noticeably above the surround-
ing countryside. For the last several years in Princeton Township and where the diabase is crossed by
roads in Hopewell Township, there has been considerable home building. Ground water conditions in
diabase areas are such that wells are frequently inadequate; septic tanks often break out and occasion-
ally wells become contaminated a few years after initial construction.

There are no industrial wells drilled in diabase in Mercer County or in adjacent townships to the
north or east. Records were examined for fifty-five Mercer County domestic wells that were completed
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in diabase. There are no wells in the most westerly diabase plug at the Mercer County Work House.
Eleven wells (about a third of the homes) were checked on Baldpate Mountain. Records were used
for seven wells on Pennington Mountain and in the small plug at Moore. Twenty wells in Princeton
Township and eleven wells in Hopewell Township were completed in the diabase sill.

The largest area underlain by diabase is the Rocky Hill sill found in Princeton Township and in
northeastern Hopewell Township. The sill has an outcrop area nearly a mile wide and a low angle (14°)
northerly dip in the Mt. Lucas area of Princeton Township. West of Province Line Road and in Hope-
well Township the dip steepens and the diabase cross-cuts the shale, becoming a dike from Mt. Rose west-
ward. The intrusion is abruptly terminated by the Hopewell fault. In Hopewell Township all homes
in the area underlain by diabase rely on their own wells, in Princeton Township a considerable area
of the ridge is served by the Princeton Water Company.

In the northern tip of Mercer County, north of Hopewell, there is an outcrop area of the Sourland
Mountain sill which is also found in adjacent East and West Amwell Townships in Hunterdon County
and Montgomery Township in Somerset County. Records from five wells completed in this diabase mass
in Hopewell Township are included in the summary. In Montgomery Township to the east, there are
no well records from the diabase. In East Amwell Township, this diabase sill is found both to the north
and east and to the west of the outcrop area in Hopewell Township. The entire area is sparsely settled
and heavily wooded. In the summary of diabase wells, seven wells from East Amwell Township and ten
wells from West Amwell Township (most in the vicinity of Lambertville) completed in this Sourland
Mountain sill are included, for comparative purposes. :

It is believed high-cost-per-foot for wells drilled in diabase mﬂuences the statistical picture. The
cost-per-foot, when a cable tool rig is used for a well in diabase, is two or three times the cost-per-foot
for a well drilled in shale. Many drillers will only give an hourly rate for diabase drilling and the cost-
per-foot in several instances has been unbelievably high. Rotary rigs are faster and seemingly cheaper
when used in diabase. Because of this, the well in diabase is apt to be drilled much deeper than any
well drilled with a cable tool rig. The homeowner, therefore, does two things when contracting for a
well in diabase: First he is willing to accept a smaller amount of water, and second, he will accept the
first water found. If his well were drilled with a cable tool rig, he may give up before water is found,
even at a relatively shallow depth, because of the high cost of drilling. On the other hand, with the
rotary rig the tendency to go deeper to try to get more water is increased. Where the well record shows
no water or very little water, the homeowner may already have, or may construct a large diameter hand-
dug shallow well. He will rely on his neighbors for water in the late summer and at a later date he
may again contract for a drilled well. A drilled well, which will not go dry in the summer and the hope
for a yield which will permit him to be less saving in his use of water is the goal of each homeowner
living in an area underlain by diabase.

In view of the above, it should be noted that while the range in depth and yield for domestic dia-
base wells is much the same as for domestic wells drilled in the argillite areas, the average and median
depth of diabase wells is less than the shale wells—apparently because of the above mentioned attitude
of the homeowner. The difference in depth would be greater if the usually-much-deeper rotary holes
were not included in the average.

The probabilities of securing large amounts of water from wells drilled in diabase are slim indeed.
If the well intersects a fault or a large open joint, 100 gpm more may be obtained, but only 109, of the
diabase wells give in excess of 10 gpm in contrast to 60%, of the shale wells giving 10 gpm or more.

There are no industrial wells in diabase in Mercer County or in the two townships in Hunterdon
County used in this summary.

¢

DOMESTIC WELLS YIELD IN GALLONS PER MINUTE

No. of

Township Wells Maximum Minimum Average Median
Hopewell ... ................. ... 35 27 Vo 8 6
Princeton . ... . ... ... .. .. . .. ... . . .. 20 100 0 16* 4r*
East Amwell (Hunterdon) ... ... . ... 7 5 . A 2s 2
West Amwell (Hunterdon) .......... 10 15 0 4 1
For comparison:

Brunswick Shale (Hopewell) .. . .. 176 60 Vs 15 10

* Average of 18 wells without 100 gpm and 60 gpm wells is 6 gpm.
*¢ One-half of the wells give less than 4 gpm.
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DOMESTIC WELLS DEPTH IN FEET BELOW SURFACE

No. of _

Township Wells Maximum Minimum Average Median
Hopewell ... ... ... ... ... ... ... ... 35 404 50 128 100
Princeton .............. ... ... ... .... 20 338 50 139 108
East Amwell (Hunterdon) ........... 7 351 42 116 .
West Amwell (Hunterdon) ........... 10 200 48 95 90
For comparison:

Brunswick Shale (Hopewell) ....... 176 397 45 154 145

Median and average yields are about half as good in diabase as they are in the Brunswick shale.
In diabase 40%, - 509, of the domestic wells are inadequate (less than 5 gpm) in contrast to 5%, for such
wells in shale.

TOPOGRAPHIC EXPRESSION OF MINOR GEOLOGIC STRUCTURES

Faults, joints, and stratigraphic variations often show as linear topographic features in areas when .
surficial cover is thin or the depth of weathering is shallow. In the areas of northern Mercer County
underlain by the Brunswick shale, argillite, diabase, and in some of the area underlain by Stockton sand-
stone, bedrock is sufficiently close to the surface so that linear topographic features giving surface ex-
pression to the underlying geologic conditions are nearly always present. In southern Ewing, Lawrence,
and Princeton Townships thick deposits of Pennsauken or “Trenton” gravels conceal these features on
the bedrock surface. In southern Mercer County the Pleistocene and Cretaceous sediments are capable of
producing sufficient water so that the detailed structures of the underlying crystalline rocks are only of
academic interest.

In the solution of several problems for industrial or municipal water supplies in the northern part
of Mercer County, efforts were made to locate the wells along and in these linear features as indicated
by intermittent streams, swales, or other alignments of topographic features. The mile-to-the-inch State
Atlas sheets, the 1:24,000 Federal quadrangle sheets, aerial photographs, and field visits have been util-
ized in locating specific wells along linear features. There has been sufficient success in the actual practice
to suggest that this is a valuable way of locating wells in areas where the bedrock is not concealed by
surficial deposits, deep weathering. or Coastal Plain sediments. Recent work with aerial photographs
suggests that, even with a thick cover of unconsolidated materials, major features of the underlying bedrock
may be reflected at the surface.

In order to test the significance of linear features, ninety-one of the best wells and twenty-eight of
unusually poor wells were plotted on an overlay for the mile-to-the-inch topographic map in northern
Mercer County. A geologist who had not worked on the well problems prepared a second overlay show-
ing the linear features in the same area as indicated by the topographic map. The overlay of linear
features was then placed on the overlay of the wells. The number of wells that were on or within the
zone of influence of the linear features were counted. A well more than an eighth of a mile off of the
linear features was considered as one which would not be affected by the linear, whatever its nature.
It is believed the results obtained are significant. Of 15 industrial wells which were exceptionally good,
13 or 879, were found to be located on linear features. Of these 15 wells, 8 were in the Stockton sand-
stone, 3 were in the Lockatong argillite, and 2 were in the Brunswick shale. One of the Brunswick shale
wells was on the shale-argillite contact and one of the exceptional argillite wells was not apparently re-
lated to any linear topographic feature. '

Of the low-yield industrial wells which were considered, only three wells, all in the Brunswick shale,

were on the linear features. The remaining ten (four in the Brunswick, ten in the Lockatong, and two
in the Stockton) were not related to any linear feature.

Fifty-two of the better domestic wells out of 76 considered, or 689, fell within the area of the linear
features. Six were on or close to geologic contacts between the Brunswick shale and the Lockatong argil-
lite. Only 18 of the better wells (nine in the Brunswick, five in the Lockatong, and four in the Stockton)
were not found to be related to any linear feature. Twentysix out of twenty-nine poor domestic wells
were found to be unrelated to linear features. Only three (two in the Brunswick and one in the Lock-
atong) were found to be on or in the specified zone of influence of the linear features. Considering all
of the domestic wells, ninety-five percent of the domestic wells on linear features are much better than
average.
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The major faults in northern Mercer County are marked by abrupt topographic changes or by dee I
incised valleys. In Hopewell Township wells #61 and #62, with exceptionally high yields, drilled If)oy
the Hopewell Borough Water Company (see Hopewell Township discussion) and #164, #172 and #17;
drilled for the Pennington Quarry Company and Pennington Borough with moderate yields hay
completed in fault zones with marked topographic expression. Four of the better argillite wells j
well Township, #117, #188, #189 and #361 (yields of 30, 30, 27, and 20 gpm respectivel
such alignment and so located that a fault or major joint ‘without topographic expression m
pected. Ewing well #89 for State Police Headquarters is in a fault zone without topogra

as shown by the well cuttings which contained fault gouge and calcite vein filling. The
tionally good.

€ been
n Hope.
Y), are in
may be sys.
phic eXpression
yield is excep-

The surface expression of major joints or closely spaced joints is more frequent than is general}
realized. Swales on the ground, parallel darker lines on aerial photos, and the alignment of. streams o
swales across one or more ridges are indicators of major joints or concentrations of joints that have beey
utilized to locate better than average wells. In this group are wells #95 and #100 for Bristol-Myers
in Hopewell Township, wells #175 and #179 for Pennington Borough (Hopewell Township summary) ,
#207 and #209 for Western Electric (Hopewell Township), #1 through #4 for Educational Testing
Service (Lawrence Township) and other wells which usually have very high yields.

Outcroppings on the west side of Stony Brook near Pennington show closely spaced joints at either
end of a half mile section. Wells #179 and #156 to #161 are parallel to this bank in the order given
starting with #179 at the north end. In the same order the wells give 38, 60, 12, 15, 15, 9, and 40 gpm.
The largest yields are opposite and in line with the jointing that is most closely spaced.

In contrast to the above, open joints are not always desirable. When the first well for 159 was
drilled it intersected an open joint at about 125 feet which was apparently directly connected to Stony
Brook. The water was equal to that in the brook in every way—smell, color, turbidity, temperature,
and algae. The well was filled with cement and a new well, #159, was drilled at the diagonally oppo-

site corner of the house. The house is about 100 yards west of and some thirty feet higher than Stony
Brook.

Two other wells illustrate dramatically the importance of major open joints. Hopewell #177 was
located near the center of a topographic block bordered by pronounced swales and minor streams. The
ten-inch well for the Pennington Water Company was abandoned at 407 feet depth when it only gave
14 gpm. The case of Ewing #4, a 568-foot-deep well, is described in the argillite discussion. Here the

same joint utilized by an earlier well at a lesser depth was tapped and drained by the deeper well when
it reached its full depth.

In Hopewell Township the alternation of thicknesses of argillite and shale in the stratigraphic column
give the topography a ribbed appearance with ridges parallel to the strike of the formations. A number
of linear topographic features are therefore due to a change in the type of rock and follow the geologic
contacts. Hopewell wells #15, #162, #52, #90 and #40 are all in the top third of the sandstone yields;
each of these wells is in the transition zone from sandstone into argillite and in many instances the drillers
have reported this variation as “hard and soft” rock layers. The importance of the change in geologic
formations and the way in which it seems to affect the yield of wells is illustrated and discussed with
respect to two housing developments in Hopewell Township. The deeper wells completed in argillite
are notably poorer than the shallower wells completed in shale.

Folding is slight in the formations of northern Mercer County. Most of the strata have a mono-

clinal dip to the northwest. While it may be presumed that folds have an effect on ground water they
would seem to be unimportant in this area.

Diabase intrusions, as a sill and as plugs, form several “mountains” or “ridges” in northern Mercer
County. The bordering shales and argillites are usually metamorphosed and give less water than normal
unless unaltered shale can be reached below the sill. Hopewell #208 for Western Electric near the Rocky
Hill sill was driven deeper than would normally be expected until it penetrated the underlying less
metamorphosed shale. The effect of jointing within the plugs is discussed in the Diabase section. At a
number of places better than usual diabase wells can be correlated with topographic lows which seem
to mark faults in the diabase ridge. Princeton #1, the best of all diabase wells, apparently is either
unrelated to geologic structure or is a well crossing a bedding plane fault along a formation contact.

Experience of the staff of the New Jersey Survey seems to indicate beyond all doubt that careful
attention to the minor geologic structures in an area “pays off” when used in locating wells. Small yields
can often be secured in difficult areas and larger yields at lesser depths seem to be more probable when
topography is used to indicate the more important local geologic structures.
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COASTAL PLAIN FORMATIONS .

The southern 409, of Mercer County, some 92 square miles, is within the New Jersey section of
the Coastal Plain Physiographic Province. The Coastal Plain contains Upper Cretaceous and Tertiary
sediments which dip toward the ocean from an inner margin along a line which nearly coincides with
that of the Pennsylvania Railroad from Trenton to east of Princeton Junction.

Six of the eleven Cretaceous formations of the Coastal Plain underlie Mercer County although ex-
posures are found only along the steep banks of major streams where the drainage is incised into the
very flat Coastal Plain topography. Nearly all of southern Mercer County is covered by Pleistocene sands
and gravels which have filled all the pre-Pleistocene and early Pleistocene valleys which were cut in the
Cretaceous formations. The Pleistocene sediments have effectively buried the Cretaceous formations, €x-
cept as noted above, as far south as the area underlain by the Englishtown formation in extreme southern
Mercer County.

The lower-most Cretaceous formation, the Raritan, rests unconformably on a surface of low relief
composed of Precambrian, early Paleozoic, and Triassic rocks. Wells indicate that this, surface of older
rocks has a relief of nearly two hundred feet. The Raritan formation consists predominately of light
colored sands and clays which vary rapidly in color, sorting, and grain size, both vertically and hori-
zontally, throughout their thickness. Disconformably above the Raritan, and in wells extremely difficult
to differentiate, is the Magothy formation which is from 95 -125 feet of fine white sands and clays char-
acterized by mica and carbonized wood. The sands of the Magothy and Raritan formations are so
interconnected that the two units act as a single aquifer and are so treated in this report. The overlying
Pleistocene sands are part of the same hydrologic unit when they are in contact with the Magothy and
Raritan. However, where the Pleistocene sediments are thick they can be distinguished from the Cre-
taceous sediments. North of the inner and stratigraphically lower margin of the Coastal Plain the Pleisto-
cene sediments overlie crystaline rocks and are frequently thick enough to yield water. The Pleistocene
sediments are therefore treated as a separate ground water unit. About twenty-four square miles of Mer-
cer County have the Pleistocene sediments in contact with the underlying Magothy and Raritan formations.

From 70 to over 100 feet of black clays of the Merchantville and of the overlying Woodbury forma-
tions are found above the Magothy in a band from two and one-half to three miles wide, extending
from Yardville and Crosswicks through Robbinsville and Windsor to and beyond Hightstown. Like the
other Cretaceous formations, these clays are covered by Pleistocene sands which may be from 10 to 30
feet thick. Usually wells in this area are completed in the underlying Magothy-Raritan formation.

In extreme southern Mercer County the white to yellow quartz sands of the Englishtown formation
lie above the Woodbury clays. Except for about one square mile south of Hightstown the dark gray
sandy clays of the Marshalltown formation are found just south of Mercer County overlying the Eng-
lishtown sands. The Pleistocene cover becomes thin and patchy over the areas underlain by the English-
town and Marshalltown formations which were not as deeply eroded in pre-Pleistocene times as the
sandy Magothy and Raritan formations to the north.

A few domestic wells have been completed in the Englishtown formation in Mercer County. Even
the sand lenses in the Merchantville formation have supplied water to a very few domestic wells. Most
domestic wells and all industrial wells in and adjacent to the southern boundary of Mercer County are
drilled to depths in excess of 150 feet in order to draw water from the sands of the Magothy or Raritan
formations. :

Although the Cretaceous formations of the Coastal Plain have been compared to the layers in a
cake, the analogy should not be carried further because of the extreme variation of sediments within the
water-bearing formations. The aquifers in the above-mentioned layer cake might be considered as “mar-
ble cake” in contrast to the solid cake layers of the clay formations. ‘

The assumption of a uniform or average dip or increase in depth toward the ocean for the Coastal
Plain formations, while useful, may be misleading when applied too strictly to predicting the depth at
which water-bearing sands may be encountered. At three locations industrial wells less than one-quarter
mile apart have been completed at depths in the 80 to 100 feet range and in the 250 or 300 feet range.
Any attempt to correlate these depth ranges with specific horizons or members such as the Old Bridge or
Farrington sands, as has been done in the Raritan formation in the type locality along Raritan Bay in
Middlesex County, is without merit or basis in fact. The Farrington, Old Bridge, and other members of
the Raritan cannot be identified in western Middlesex County nor in Mercer County. In Mercer County
some of the most productive sands are found just above the “basement rock” in the stratigraphic posi-
tion of Raritan Fire Clay further to the east.

Ground water may be secured in the Coastal Plain section of Mercer County from the Magothy-
Raritan, from the Englishtown, and from the Pleistocene formations. ‘Industrial wells most often rely
on the Raritan formation, but in the northern part of the Coastal Plain this may have too much clay,
be too thin, or be missing so that only Pleistocene or rock wells will be successful.
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RARITAN FORMATION

The principal water-bearing sediments south of Trenton, Bakers Basin, Clarksville and Princeton
Junction are the sands of the Raritan and Magothy formations. As used in this report, the term “Rari-
tan” includes the overlying Magothy formation.

At times drillers and geologists have attempted to differentiate between the two formations. At
times this can be done, but most of the time any such distinction between the two formations is debata-
ble. In a general way if a driller is getting very fine white sand with “charcoal” fragments, he is in the
Magothy. In general it would be, and in a number of cases it has been proved to be, a mistake to try
to complete an industrial well in the Magothy. Aside from these two generalizations, the two formations
are lithologically and hydrologically very similar.

Sections C-C, D-D, E-E and F-F of Plates II and III show the variation in sediments to be found in
the Magothy-Raritan along lines nearly perpendicular to the strike of the formations. The section lines
are shown on Plate L. Attention is called to the variation in thickness and position of the sands in the
lower part of the formation and the rapidity with which the sands and clays lens in and out or interfinger
as one moves down dip to the south. At first glance the most easterly section C-C’ would seem to have
some similarity to the standard section of Middlesex County except for the addition of an extra sand
member at the top of the section. Within three to five miles however, the seven formation members (Sec-
tion E-E) have been reduced to two with some minor lenses of sand in the clay. Eight miles further to the
west sands have replaced clays at the base of the section and there are four main members in the formation.

The full extent of the rapid change in the grain size and character of the Raritan formation can
best be appreciated by an examination of Section G-G'-G”” on Plate III. The borings plotted on this sec-
tion are thirteen of a series of borings made every thousand feet, extending from near Bordentown
east to Raritan Bay along the line of a proposed trans-jersey ship canal. All borings were made by the
same company and logged and described by the same geologist. The rapid changes in the character of
the sediments are typical of all parts of the section. Most of the bore holes penetrate five or six sedi-
mentary units in the Raritan Formation; however, most of the section for hole B-119 is a single unit
of very fine white sand. Hole B-113 is at the other extreme in that there are thirteen changes in the
Cretaceous sediments penetrated. Conditions shown on this section help to explain why in the Raritan
domestic wells less than 100 feet apart may have a difference of 50 feet in the depth at which the screen
is set or why there is such a great variation in yield from nearby wells.

A study of the depth of 164 domestic and industrial wells completed in the Raritan formation in-
dicates that the area underlain by the Raritan formation should be divided into three sub-areas. The
first or most northerly sub-area extends southward from the northern or lower contact of the Raritan
formation as shown on Plates I and IV and is outlined on Plate V. In this sub-area there are only a few
shallow Raritan wells. The formation is either missing, ‘too thin or a clay. North of Edinburgh and
around Dutch Neck the basement rocks are within a hundred feet of the surface. The second sub-area
starts with this line drawn through the most northerly Raritan wells (from one to four miles south of
the Pennsylvania Railroad) and extends as far south as the northern Merchantville contact. Within the
second sub-area Raritan wells are usually less than 100 feet deep. Wells over 200 feet deep begin to
appear about a mile north of the northern Merchantville contact and are found in the third sub-area
which extends to the southern border of Mercer County. Most wells which are approaching 300 feet in
depth are south of Route 130.

Most Raritan wells in southern Mercer County are 250 feet or more in depth because of the over-
lying clay formation. Near Hightstown domestic Raritan wells a half mile apart on a line roughly parallel
to the strike have been completed at 60 feet and at 317 feet. The latter well was drilled deeper to get
a better quality water with less iron. Close to the Delaware River in the southern part of Trenton, wells
for Trenton Brewing Company have been completed in the Raritan, which here fills a pre-Cretaceous
Delaware River Valley, at several depths from 80 feet to and including 280 feet. Domestic wells can at
times be completed near the top of the Magothy formation, but industrial wells are usually completed
in, and give more water from, the lower sands of the Raritan. In southern Mercer County there are many
areas where the Raritan formation is thick enough to have good water-bearing sands for large yield
industrial wells at two or more horizons. These lower horizons are, at present, not always needed or used
for industrial development.

It is nearly certain that an adequate domestic well can be constructed in the Raritan once it has
attained a stratigraphic thickness of about 100 feet. Industrial wells are more successful where the for-
mation is nearer 200 feet thick. Only onesixth of the industrial wells are 100 feet or less in depth.
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With respect to yield, nearly one-third of the industrial wells are reported as giving in excess of 400
gpm when first tested and another quarter of the industrial wells give between 200 gpm and 400 gpm.
If started with a sufficiently large diameter, ten inches or more, a properly constructed industrial well
may reasonably be expected to give at least 500 gpm. Efforts, however, to increase the first large yield by
sustained development and surging have resulted in the complete collapse of at least two industrial wells.
Large yields may be obtained by using long screens in thick sections of fine-grained sands or by the more
usual construction which uses a shorter screen in a coarse sand or gravel sought and found at a greater
depth. If the best well is to be constructed for the least money, the rapid variation in the sedimentary
character of the Raritan formation will require the driller and owner to keep an open mind and a fiexi-
ble set of specifications until the well has been completed.

Merchantville Clay

The Merchantville is a black glauconitic micaceous clay from 50 to 60 feet thick which rests discon-
formably on the Magothy. Three domestic wells, East Windsor #22 and two wells outside Mercer County
(Raritan #10 and #15), are reported as having been completed in this formation, probably at or near
its lower contact. :

Woodbury Clay

The Woodbury clay is also black and about 50 feet thick, but it is a non-glauconitic clay. It is
conformable with the Merchantville below and the Englishtown above. No wells are reported as draw-
ing from this formation.

Englishtown Formation

Along the southern border of Mercer County the white-to-yellow quartz sands of the Englishtown
formation underlie patches of Pleistocene sands and gravels or are exposed at the surface. The forma-
tion has a thickness of about 120 feet in Mercer County. East of the extreme southern tip of the county
domestic wells with yields from 5 to 60 gpm have been completed in the Englishtown. Elsewhere indus-
trial wells give up to 250 gpm. The lack of industrial wells in the area covered in this report reflects
the rural land use rather than an inability of the formation to supply water.

Marshalltown Formation

The Englishtown sands are capped by the dark sandy clays of the Marshalltown formation which
is not known to supply water to any wells. Less than a square mile of the Marshalltown formation is
found in Mercer County; most of the formation is found to the south.

RARITAN FORMATION

DOMESTIC WELLS YIELD IN GALLONS PER MINUTE
No. of

Township Wells Maximum Minimum Average Median
Hamilton ................. ... .. .. 44 47 7 15 15
West Windsor .............. ... ... . 15 50 5 19 15
Washington .. ........... ... .. .. ... 24 ) 7 24 23
East Windsor . ............... .. .. .. 24 60 3 19 15
Kmr south of Mercer County ....... .. 13 80 TV 32 30
Englishtown formation .......... . . .. 15 60 5 19 12

NOTE: No domestic wells in Trenton.

INDUSTRIAL WELLS YIELD IN GALLONS PER MINUTE
No. of

Township : Wells Maximum Minimum Average Median
Trenton .............. ... ... ..... .. 11 1,040 60 383 350
Hamilton ............ ... . ... ... .. 27 700 35 246 200
West Windsor ....................... 2 520 335 . .
Washington .. ............... ... . ... 3 260 40 (60) . -
East Windsor . ............... ... .. 14 1,500 55 470 363
Kmr south of Mercer County .. ... . o112 580 40 361 : 503

NOTE: No industrial wells in Englishtown Formation.
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RARITAN FORMATION
DOMESTIC WELLS

DEPTH IN FEET BELOW SURFACE
No. of

Township Wells Maximum Minimum Average Median
Hamilton . ... . 44 317 (304) 55 115 100
West Windsor ... 15 205 55 103 92
Washington ... oo 24 248% 82 163 129
Fast Windsor ... .. ..o 24 315 70 175 181
Kmr south of Mercer County ......... 13 456 76 230 200
Englishtown formation ............. 15 | 212 35 118 134

NOTE: No domestic wells in Trenton.
* Does not include Washington #31, a test well driven to 365 feet and abandoned.

INDUSTRIAL WELLS DEPTH IN FEET BELOW SURFACE

No. of

Township Wells Maximum Minimum Average Median
TIENUOM o o oo oeenee s 11 280 80 150 117
Hamilton . ..o oo 27 334 67 194 220
West Windsor .. ... 2 100 90

Washington .. ... 3 310 218 (230) . .
Fast Windsor . ..... ..o oo 14 280 137 213 216
Kmr south of Mercer County ......... 12 537 73 268 358

-
NOTE: No industrial wells in Englishtown Formation.

PLEISTOCENE DEPOSITS

leistocene sands and gravels. Nearly half

At least forty-seven wells in Mercer County draw from P
as it is shown

of these wells are in or near Trenton and have been completed in the “Trenton gravels” oT,
on the State Geologic Map, the “stratified drift.” Most of the remaining wells are found to the east around
Clarksville and Dutch Neck with a scattering of wells in the Coastal Plain from White Horse to Hights-
town. These wells probably draw water from the Pennsauken formation, but one or two wells may draw

from deposits mapped as belonging to the Cape May formation.
Pleistocene deposits are shown on the geologic map as covering much o

to the south of West Trenton, Ewingville, Lawrenceville and Princeton.

and MacClintock indicates that Pleistocene

rocks south of Titusville, Glen Moore, and
deposits of Pennsauken gravel. Thus only those parts of Mercer County found above 2

tion or on the lower slopes of the most recently eroded valleys would seem to be
posits. Usually the loess deposits are only two or
tocene deposits are only ten to fifteen feet thick. Loess deposits may reach a thickness o
the Pennsauken is known to be over one hundred feet thick in some areas in southern

Most of the descriptions of the Pleistocene deposits are
V, or “Surface Deposits,” Volume VIII of the Reports of the State Geologist of
bury and others. The present-day concepts of Pleistocene stratigraphy were not
time of publication of either of the above works. While multiple glaciations were T
(1902) of the publication of “Glacial Deposits,’
Wisconsin) was believed to be a pre-Wisconsin glaciatio
situation was somewhat improved. The three
which the whole complex of “yellow gravels” or the “Columbia formation” was
posits,” Volume VIII, were considered to be fluvial deposits formed during perio
in valleys eroded during the previous time of lower sea levels. In short, the deposits were
to have formed during the interglacial stages.
the Wisconsin maximum were called «“unclassified,” ‘‘the Trenton gravels” or in later publica
fied drift.” Separation of the several Pleistocene formations was based on lithology,
topographic expression and elevation, or a combination of all of these characteristics.
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with this method is that in some areas and in some lithologies it is almost _impossible to distinguish
one or another of the “formations.” With our present-day lgnqwlgdge of }’lexstocepe events, 1t 'would
ceem that each of the “formations,” while they may be primarily interglacial deposits, must also in part
pe related to the next glacial stage. The problems of correlation and origin have not yet been resolved
on a state-wide basis, nor even on a county basis; so it v.vould seem to be more p‘r‘actlpal, at least t;on:
the ground water point of view, to refer to the whole series as “yellow gravels. or l?lelstocene deposits.
From a theoretical point of view some of these deposits, because of their ongmn or the nature of
their sediments, should not be favorable for the occurrence of ground water while others would be most
desirable. Thus well sorted gravels deposited by rapidly flowing streams would be much better aquifers
than deposits of silt and clay laid down in a sluggish estuary. If such a dlstlpctlon can be madg in a
local area as the result of abundant exposures and well logs, it may make considerable difference in the
way in which a water development program is carried out in a restricted area. In general, however, this
cannot be done. . .
The Bridgeton so resembles the Pennsauken that they can be treated as a single hydrologic unit, and
are considered by some authorities as a single formation. In Mercer County the Cape May formation
is supposedly found between the Pennsauken and the “Trenton gravels."' Its occurrence, however, as com-
pared to the older Pennsauken and younger “Trenton gravels” or “strauﬁed'dnft, is so resm.cted in area
and so difficult to determine from well samples that the Cape May formation also can be ignored and
treated as a part of the Pennsauken. As indicated earlier, almost as many wells have been completed
in the “Trenton gravels” as in the Pennsauken so that the two formations have very similar ground
water and geologic characteristics.
Whatever the ultimate division and classification of the various Pleistocene deposits or “yellow gravels”
in Mercer County in so far as their origin and classification is concerned, they may be divided into four
types of Pleistocene materials: (1) loess; (2) poorly sorted, brown, reddish-brown or almost pink sa_nds,
silts, clays and gravel with large boulders; (3) well sorted yellow coarse gravels and sands; and (4) mixed
vellow to brown gravels and sands of considerable thickness.

The yellow loess deposits, described by Tedrow and MacClintock, cover large areas along the ridge
tops east of the Delaware River from Jacobs Creek- northward to Titusville and as far east as Lawrence-
ville and southwestern Montgomery Township in Somerset County. No wells are completed in this ma-
" terial, but its presence on the surface permits a much more rapid percolation of rainfall than that per-
mitted by the heavy clay soils normally developed on the Brunswick shale, Lockatong argillite, or diabase.
It would seem likely that domestic wells drilled in areas with a thick loess cover would have a slightly
better yield and higher static level than wells in similar Triassic formations without this cover. No effort
was made to ‘evaluate this possible effect.
Poorly sorted brown, reddish-brown, or almost pink sands, silts, clays, and gravels with large boulders
are found south of the loess deposits chiefly in Ewing Township, but also in western Lawrence Town-
ship and the northern parts of Trenton. Usually shown as belonging to the Pennsauken formation, this
group of Pleistocene deposits includes some “stratified drift” or “Trenton gravels,” some terrace deposits
in Hopewell Township, and some small isolated thin coverings of gravel on hilltops in Princeton Town-
ship.
Gravel terraces rise some thirty feet above the normal level of the Delaware River on the New Jersey
side in the vicinity of Titusville. A similar terrace starting south of Scudders Falls extends through
Wilburtha into Trenton and as far south as the State House in Trenton. Wells for homes built on these
stream terraces are normally completed in the underlying Triassic rocks. Up river on similar terraces,
industrial wells of the “caisson” type have provided large amounts of water which is a little cleaner than
water taken directly from the Delaware River. Ground water in these terrace deposits responds rapidly
to changes in river level. Where bedrock is above river level, the overlying gravels are usually dry and
thus useless as a reliable source of ground water.
North of Titusville and north of Jacobs Creek gravel terraces whose tops are some sixty feet above
the Delaware River have been mapped as Pennsauken deposits. Neither these terraces nor gravels, also
mapped as Pennsauken, found along ridge tops in eastern Lawrence Township and western Princeton
Township are thick enough to affect the general ground water conditions in their vicinity.

Most of the poorly sorted brown to pink gravels are found in Ewing Township south of West Trenton
and Ewingville. These “Pennsauken gravels,” as originally mapped, included only the materials found
above elevation eighty. Gravels in the valley of the Shabakunk and its tributaries were apparently con-
sidered as Recent deposits. However, examination of excavations in both areas in recent years suggest
that there is no significant difference between the two deposits. The length of well casing required in
several “Pennsauken” areas also suggests that the present drainage is still above the bottom of the gravels
and thus suggests that the gravel sheet is continuous across the minor streams in Ewing Township.
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These “Pennsauken deposits” underlie a hummocky terrace containing several small lakes, ponds, and
marshy areas. Several of the old farmsteads have large spring houses and hand-dug shallow wells. A few
also have farm ponds. Although there seem to be no records of drilled wells completed in this material,
a study of the wells in Ewing Township indicates that all but three out of twenty-nine domestic wells in
argillite, which underlies the higher ground in northern Ewing Township, have casings less than thirty
feet long. However, two-thirds of the sandstone wells, nearly all of which are found in the area covered by
thick deposits of these brown-to-pink ‘“Pennsauken” gravels have casings from 31 to 110 feet in length. Of
these, eleven wells have casings from 40 to 49 feet long and eight wells have casings in excess of fifty feet.
The pockets of boulders described in the early geologic reports as a characteristic feature of the Penn-
sauken Formation made it difficult to drive casing to bedrock at Fernwood (New Jersey Highway Depart-
ment) in Western Ewing Township. Other boulder pockets may have been encountered by drillers and
excavations frequently turn up boulders. Usually less than a foot long in any direction some boulders
have been found with a volume of several cubic feet. )

These thick accumulations of brown to pink poorly sorted gravels, sands, silts, and clays with the
occasional large boulders probably store a considerable amount of ground water above the bedrock and
should improve the potential yield of wells completed in the area of their occurrence. A comparison
between wells completed in the Stockton sandstone in Ewing Township shows that they are slightly better
than the Stockton sandstone wells in Hopewell Township. A comparison with the sandstone wells in
Lawrence, Princeton, and West Windsor Townships is not valid because most of these wells are found
in areas where the sandstone is capped by thick deposits of the “Trenton gravels.”

A veneer of well sorted yellow gravels and sands covers an extensive area from the junction of
Stoney Brook and the Millstone River southwestward along the valley of Stoney Brook and the Assunpink
to Trenton. The upper surface of this formation is quite fat, but the gravels were deposited on a highly
irregular surface. Perhaps most often twenty-to-thirty-feet-thick bedrock may be less than ten feet below
the surface, or the gravels may fill deep channels in the bedrock. Variously described as “Trenton gravels,”
wstratified drift” or “unclassified deposits”, the gravels seem to be related to the last or Wisconsin Ice and
represent the valley train of a river carrying melt water from the ice front which then extended from the
Plainfield area north and northwestward until it crossed the upper reaches of the Raritan River. For a
time a stream of melt water ran southwestward from Bound Brook through the Rocky Hill Gap to the
Delaware at Trenton.

This reversal of the present-day drainage happened at least once before because the “Trenton gravels”
along the southern margin are found resting on older Pennsauken and/or Cape May gravels which have
filled other deeper preglacial valleys to the south. In the original mapping of the “Irenton gravels” it
was also suggested that the valley extending westward from Princeton Junction followed by Little Bear
Brook and including the area of Upper Bear Swamp might also have been filled by Trenton gravels.
However, the problem of whether the lowest parts of the present valleys were actually filled with Trenton,
Cape May, or Pennsauken gravels was left unresolved. One domestic Pleistocene well near Princeton
Junction has been completed in the above-mentioned southerly channel. Seven domestic wells and nine-
teen industrial wells completed or attempted in the “Trenton gravels” are located in Trenton or imme-
diately adjacent parts of Hamilton Township. In addition to the twenty-seven Pleistocene wells in Mercer
County which were completed in the “Trenton gravels,” another fourteen industrial wells and several
domestic wells were completed in the underlying rock. In areas where the “Trenton gravels” can, and
probably do, provide ground water storage, wells in bedrock can sustain higher than normal yields. The
Princeton Water Company wells along the banks of Lake Carnegie and the Millstone River are excellent
examples of rock wells whose large yields are both maintained and polluted by water moving freely through
thick overlying gravels. .

West of Bakersville the underlying Precambrian bedrock is unfavorable for the development of industrial
water wells, and several industries have had to rely on shallow Pleistocene wells. In the Trenton area the
Assunpink effectively recharges these gravels. However, the gravels overlying the higher bedrock eleva-
tions (southern Trenton) drain rapidly. Trenton wells #17 and #21 and Hamilton #85 were abandoned
because the gravels gave so little water or resulted in dry holes. Trenton wells #5, #6, and #7, drilled
for Roebling, were dry in the gravels and were not continued far enough in the underlying rock to get
any water. By definition, the Roebling wells are classed as Precambrian wells, since they got no water
in either formation but were finished in Precambrian rock. A number of gravel wells in the Trenton
area were abandoned soon after completion because of pollution. :

In planning to utilize the “Trenton gravels,” therefore, a great deal of attention must be paid to the
thickness of the gravel. The elevation and location of the well with respect to surface streams and
lakes and the elevation of the underlying bedrock will determine whether water can be secured at all and
the quantity which may be expected. Consideration of sources of pollution is essential because of the free
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movement of water in the gravels. The character of the underlying bedrock will determine whether the
gravels are the only good source of water or whether they can be used for storage above the rock well.

The mixed yellow to brown gravels and sands of considerable thickness, which are described as the
Pennsauken formation, also include the sediments assigned to the Cape May formation and provide water
to domestic and industrial wells in Hamilton, Washington; East Windsor, and West Windsor Townships.
The Pennsauken and Cape May formations are found south of the Trenton gravels in Hamilton and West
Windsor Townships. As indicated above, Pennsauken gravels have also been mapped north of the Trenton
gravels. The ridge from Clarksville to Penns Neck is capped by a thin veneer of Pennsauken which may be
separated from the main mass of the formation to the south by a deposit of Trenton gravels in- the above-
mentioned valley of Little Bear Brook and Upper Bear Swamp.

Some gravels in the general area, south of the Trenton gravels, have been mapped as belonging to the
Cape May formation. Both formations filled in the pre-Pleistocene valleys and buried the topography
beneath an extensive sheet of sediments. Erosion removed some of the Pennsauken formation before later
Pleistocene events deposited the Cape May formation. Erosion again partially removed the earlier
Pleistocene formations before deposition of the “Trenton gravels.”

This sequence of events and the distinction between Cape May and Pennsauken is significant from
the ground water point of view only if the remnants of the Cape May formation are predominately
estuarian. The low topography and presence of swamps: in many areas mapped as underlain by Cape
May gravels suggest that this may be the case. West Windsor well #93 gave 100 gpm from 41 feet and
was completed in Pennsauken gravels. West Windsor well #2 located on lower ground to the east and
in an area shown on some maps as underlain by Cape May formation was abandoned without a test
because of the lack of water although the gravels fraction in wells #93 and #2 seemed identical in appear-
ance. The Cape May formation in general is described as finer grained and less weathered than the Penn-
sauken formation.

The Pennsauken deposits vary from coarse, well sorted gravels to well sorted sands to sands and gravels
with a high porosity to local areas of gravel so choked with silt and /or clay as to be almost impermeable. In
general, however, the formation is about 909, sand with cut-and-fill stratification and rapid abrupt
changes in grain size and is extremely permeable and porous. In the vicinity of Clarksville and Penns
Neck the Pennsauken formation is generally only a few tens of feet in thickness. To the south where the
Pennsauken overlies the Raritan formation and to the east along the county border where the sediments
fill pre-Pleistocene valleys the formation may exceed 100 feet in thickness. Section CC’, Plate II shows the
great thickness (125 feet West Windsor well #32) in the area near Penns Neck and Hightstown. Sections
DD’ and EE’, Plate II and FF’ and GG’, Plate I1I shows the extreme variation in thickness of the Pleistocene
cover in southern Mercer County.

In the vicinity of Edinburg the Precambrian bedrock is very close to the surface and probably is covered
only with Pleistocene sediments. For about a mile south of the Pennsylvania Railroad the lower or northern
contact of the Raritan, the Raritan formation is predominately clay and silt. In this area, shown on Plate
V as an area of poor ground water supply, south of the area of Precambrian and Hardyston quartzite in
central Mercer County, the Pennsauken formation provides the only potential water supply for domestic,
industrial, and irrigation wells. Usually adequate for domestic wells throughout the above-mentioned area
the Pennsauken does not seem to be thick enough to support industrial or irrigation wells requiring large
vields. West Windsor #94 and #95, industrial wells in this area, give 70 gpm and 190 gpm as compared to
industrial wells #86 and #91 completed in thicker Pleistocene to the south and east, which give 340 gpm
and 240 gpm respectively.

In the area between Princeton Junction and Hightstown, the Pennsauken fills a pre-Pleistocene river
valley and is an important source of ground water. Elsewhere it may be thick and underlain by sandy parts
of the Raritan formation so that the two formations can be treated as a single unit.

Lenses containing abundant clay and silt may cause poor surface drainage, perched water tables, and
poor yields from shallow or small diameter wells completed in the Pennsauken formation. Such areas are
usually at most an acre or two in extent and the lenses are only a few feet think.

I'n the table of Pleistocene well yields and depths which follows, the Industrial wells in Trenton and
Hamilton Township have been completed in the “Trenton gravels.” Nearly all of the remaining industrial
wells and all of the domestic wells were completed in the Pennsauken formation (or the Cape May forma-
tion which is here included with the Pennsauken). '
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PLEISTOCENE WELLS IN MERCER COUNTY
tocene wells in Washington

There are no domestic Pleistocene wells in Trenton, no industrial Pleis
Fast Windsor Township.

Township and only one industrial Pleistocene well (60 gpm from 73 feet) in

DOMESTIC WELLS YIELD IN GALLONS PER MINUTE

No. of

Township Wells Maximum Minimum Average Median

West Windsor ... .o 6* 80 10 29+* 15

Fast Windsor .. . ...ooooooo 5 ‘ 15 7 12 12

Washington ... .o 2 30 12 _, . .-

Hamilton .. ... .- e 7 15 3 9 10

_ DEPTH IN FEET BELOW SURFACE

West Windsor ... ... oo e 6 125 20 " 63 59 ‘
Fast Windsor .. ... 5 85 38 68 73
Washington . ... oo 2 108 67 - .
Hamilton .. oovoovooe e 7 62 17 50 55

* Average of six wells is 29 gpm, excluding 80 gpm well, average of five is 19 gpm.

INDUSTRIAL WELLS YIELD IN GALLONS PER MINUTE

No. of
Township Wells Maximum Minimum Average Median
TLEMLON .o o oe oo 8 200 5 62 50
Hamilton . oo 12 228 . 2 117 182
West Windsor ...« 7 340 50 162 145
DEPTH IN FEET BELOW SURFACE

TLEMEOTL - oo oo 8 135 26 84 89
Hamilton .. ..o ovemem 12 61 25 42 42

8* 113 27 67 78

West Windsor ...«

¢ Includes one well that was never tested.

LOT SIZE AS RELATED TO WELLS

r realtors, planners, and local governing officials who must approve
f lot sizes where individual wells and septic

d dispose of sewage. A growing awareness of pollution problems and of in-
has focused attention on the need for some kind of guide-lines as

to lot size, or well spacing, or other methods for protecting the ground water resource. It was overdrawn at
Penns Neck in West Windsor Township during World War L. It should be protected from pollution and
development beyond its capacity as has occurred at several places in the northern townships.

- Precipitation provides a little more than 2,000,000 gallons per day per square mile in Mercer County.
Usually at least half of this is lost to evaporation and transpiration. The remaining 1,000,000 gallons per
day per square mile goes into runoff and recharge.

The northern part of Mercer County which is underlain by shale, sandstone, argillite, and diabase
has a much higher runoff component than the southern part of the county underlain by the uncon-
solidated sands, gravels, and clays of the Coastal Plain. Streams draining the Coastal Plain area have 2 much
more uniform flow and 2 higher dry weather flow than streams which drain the rock country. This
indicates that the recharge component is substantially greater in the Coastal Plain than in the northern
«rock country” of Mercer County.

Several approaches may be made to determine a safe sustained yield for wells in the two different areas
of Mercer County. These efforts to evaluate the total actual or potential recharge component indicate that
the sediments of the Coastal Plain have a safe sustained yield of about 1,000,000 gallons per day per square
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mile. The Brunswick shale areas of northern New Jersey and southern Mercer County have a safe sustained
yield of about 500,000 gallons per day per square mile. It is at once obvious that the value for the safe
sustained yield of the relatively flat to rolling shale lowlands of the shale areas is greater than that for
areas of greater slope, thinner soil, and less frequent and less open fractures found in the harder rocks which
underlie the ridges. :

- The geologic history of northern Mercer County and central New Jersey has been such that soil type
and thickness, land use, topographic expression, slope, and relative abundance and openness of fractures is
very similar for areas with the same type of bedrock. The variation in climate is not such that it will
cause any appreciable difference between rock types in soil, slope, or amount of runoff. Slope, soil type, and
land use provide factors usable in determining runof and even percolation rates so that much can be
determined about runoff and the potential availability of the surface water supplies. The ground water
potential is a more difficult problem because in rock formations wells must intersect open water-bearing
fractures. If a lot of fractures are cut by a lot of wells, the wells give a lot of water. If only a few fractures
are cut by a lot of wells, then most of the wells are poor or inadequate and there is less ground water avail-
able. The fracture systems are not always uniform nor interconnected so that each individual well becomes
a separate problem. A set of values developed for one well are not readily comparable or related to the
capacity of the next well because the fracture system may change considerably in a few tens of feet.

The maximum, minimum, average, median, and mean values of depth and yield for a large number
of wells completed in one rock type should, if compared to a similar large number of wells in another type
of rock, give some indication of the relative abundance and openness of fractures. To put it in a different
way, if the safe sustained yield of one rock type is known, then by comparing a large sample of wells in a
second rock type an approximate safe sustained yield can be computed for the second rock type. If 225
wells drilled in areas underlain by argillite are compared to 215 wells drilled in an area underlain by
Brunswick shale, as has been done in the discussion of argillite, the comparison which indicates that the
maximum yield, average yield, median yield, and relative distribution of the various amounts of water
secured in the argillite wells are each only about half as good as the wells underlain by shale, then it logically
follows that only half as much of the total rainfall is going into the ground in the argillite area as is going
into the ground in the shale area. The comparative size of the two areas, since they are not greatly different
is irrelevant. The wells are both scattered and grouped in both formations, giving a truly random sample.

The random sample can then be applied to a specific equal area to determine the probabilities of securing
various amounts of water.

If a given quantity of water is required, there would of necessity, then, have to be twice as many wells
and twice as big an area from which they could draw water in order to have an average chance of securing
the same amount of water in an area underlain by argillite as would be required in an area underlain by
shale. However, in our comparison we must also consider the probabilities of securing any particular
amount of water and the probabilities of securing no water or minimum yields. A study of these conditions
would indicate that in an argillite area our chance is not half as good, but something less than half as good,
as it is in an equivalent sized area underlain by shale. There are in nature, of course, many other variables,
particularly in small areas such as a fault zone, which might radically change the expected figures for any
single individual well. However, the more wells that are drilled, the more they will approach the average
conditions. In this study a sampling of 250 wells in Hopewell Township gave the same results as a sampling
of 750 wells.

As indicated above for the areas of the Triassic shale of the Brunswick formation and the sandstone of

“the Stockton' formation in New Jersey, estimates and studies of the percent of rainfall which is available

from the ground water reservoir can be attempted from a number of different starting points, and all will
ultimately end up with a value close to 25%, of the average rainfall being available from ground water
sources. This amounts to something slightly more than 500,000 gallons per day per square mile as a safe
sustained yield. If, then, 600,000 gallons per day per square mile were removed from any one square mile
area underlain by these Triassic formations every day, year in and year out, the ground water would
gradually be removed from the area since the average amount of rainfall could not replace, by natural
processes, the full amount of water removed from the fractures and openings in the rocks which are tapped
by the wells. If no water were removed from adjacent areas, lateral replenishment of ground water might
maintain the supply. This, however, would then be equivalent to drawing from a larger area.

If an attempt is made to use ground water availability as one criteria for the determination of mini-
mum lot sizes for properties with individual wells and individual septic tanks, the ground water yields
must be related to the average per capita consumption and average family size to determine how large an
area is required to supply the needs of each household.

Statewide figures from water companies indicate that the per capita consumption per day ranges some-
where between 25 and 250 gallons per person. The larger figures are from water companies which have a
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large amount of industrial services. The smaller figures are from water companies where many households
within the franchised area are drawing water from individual wells. A generally accepted figure at the pres-
ent time is about one hundred gallons per person per day. It is believed this figure will increase over the
vears. If we assume an average per capita consumption of one hundred gallons per person per day and
an average suburban family of five persons, we find an average family uses about 500 gallons per day. This
figure of 500 gallons per day per household is more convenient than accurate, but it is fully satisfactory for
the estimates being given here because of the two compensating variables, family size and water use, which
tend to work in opposite directions to produce the same average figures. A family of five using 100 gallons per
person per day uses as much as the statistical average suburban family of 3.9 or 4.3 persons using 130
or 115 gallons per person per day. Obviously, small water use of the retired couple is offset by the large
water use of the young family with five small children and Aunt Matilda.

Applying this demand of 500 gallons per day per household to an area underlain by red shale, we find
that if there were 1,000 individual households drawing from individual wells in a one-square-mile area,
they would have a daily water requirement which would equal the 500,000 gallons per day per square
mile safe sustained yield of the shale. One thousand families on 640 acres would give a minimum aver-
age lot size of two-thirds of an acre per house. Access roads would reduce the actual lot size to slightly
below this average size.

It should be clearly understood that this water would not actually leave the one-square-mile area
since it would be dumped into the household septic tank system where it would probably again find its
way underground. However, if this ground water effluent is not continually diluted by rainfall or some
other new water supply, it will very shortly become contaminated. The shales and sandstone in them-
selves probably do not aid in filtering or otherwise purifying septic tank effluent. Most of what purifi-
cation is done in nature occurs as oxidation above the weathered rock zone or is accomplished by plants,
by the soil, and by the action of bacteria in the septic tank system. ‘

As previously explained, argillite has something less than one-half of the ground water potential of
a shale area. If we assume that argillite is only one-third as good as shale, we could then take the mini-
mum lot size for shale (two-thirds acre), multiply it by three, and arrive at the minimum lot size of
two acres for areas underlain by argillite. Similarly, if it is only one-fourth as good as shale, the mini-
mum lot size would be two and one-half acres. If a water supply system and sewerage system are pro-
vided in an argillite area, the minimum lot size could be substantially reduced.

It is up to each developer and each group of citizens in an affected area or in a municipality to de-
termine whether they should have a water supply system, a sewerage system, Of both; or require a
minimum lot size sufficiently large to permit the construction of individual wells and septic tanks.

It should be clearly understood that the inadequacies of the ground water supply would not appear
in any area under development until most of the area has been taken up and most of the wells have
been drilled. Until the full development has taken place, the net effect is the same as though the wells
were drawing from the larger lot sizes. It would also hold to a lesser extent that adjacent areas of no
or low water use would in effect also increase the lot size. A comparison of the county summaries for
argillite and diabase show that the two formations are about equally bad.

For those who may question the validity of a two-acre minimum lot size for argillite areas, we can only
reply that in a few developments which have been brought to our attention where the underlying rock is
either argillite or its ground water equal, diabase, we have had contamination cases, complaints of inadequate
wells, and other problems resulting from. a water supply deficiency whenever the lot size averaged less
than two acres. The well records from one housing development in Hopewell Township, as indicated

in this report, suggest that the minimum lot size of two-thirds acres in shale areas may be too small to
support the needs of individual household wells.

The lot sizes for industry or the. spacing of industrial wells is a more difficult problem. A need for
500,000 gallons per day would seem to require a square mile of plant site. However, adjacent land use
may not require large amounts of water or adjacent properties may be served by a water system. Such
factors should be considered and each large industrial water requirement should probably be treated as
an individual case. When the industrial requirement has been ignored, expensive solutions may be re-
quired at a later date. Since a 500,000-gallon-per-day requirement is equal to almost 350 gpm on a 24-
hour basis, a rough rule of thumb planning figure of one acre of plant site for each one gpm required
on a twenty-four hour basis is suggested. This does not meet the full requirement as indicated above—
only half of it; but industrial needs are often increased by fire protection requirements which are seldom
used or by cooling water which may be returned to the ground. Even the suggested figure is considered

too high by most industrial realtors, but it will provide a basis for negotiation.
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en more difficult to compute. At first glance

A minimum lot size for the coastal plain areas is ev
astal plain sediments are

it would seem that one-third-acre lots would be adequate if the wells in the co
twice as good as wells in shale, which industrial wells are, but such a lot size is not big enough to allow the
wells to be separated from septic tanks and sewerage lines the distance required by health laws. The
comparison of the domestic wells shows that the yields are nearly the same for shale or sandstone and the
Raritan formation. This is probably due to construction of wells capable of meeting the household need
rather than a lack of water available to wells in the formation. The biggest problem in the estimates of
ground water potential in the coastal plain is caused by the fact that the area of a formation which can be
tapped by wells is much larger than the area of outcrop of the formation. Each square mile of outcrop
is thus supplying a much larger use area. The control over the use of the ground water in a coastal plain
formation does not rest solely with the local government unit that controls the outcrop area.

CONCLUSIONS

There is an abundance of ground water in many parts of Mercer County which will enable wells to
meet most water needs for many years to come. Some areas, however, even at the present tume, are prob-
lem areas with meager supplies and many will always remain so if dependence for water 18 placed on

wells.

The ground water resource is not always available in the areas of greatest need, nor can it be sup-
plemented in some areas with the surface water supplies available from the Delaware River or the Dela-
ware and Raritan Canal. The Delaware River and the canal at present provide water to the larger
portion of the population and to water-using industry of Mercer County.

Domestic wells are usually adequate from moderate depths in the areas of Brunswick shale and
Stockton sandstone. From one-half to one-third of the wells completed in argillite or diabase are inadequate.
If the individual homeowner is willing to spend the money to drill a deép enough well, or wells, and will
maintain a large enough house lot, an adequate potable domestic water supply can be obtained from
the argillite and diabase. Domestic wells are not always successfully completed in the Precambrian or
pre-Triassic crystalline rocks although almost all wells will give some water. Raritan wells are adequate,
but in some instances have had to be deepened to get good quality water. The potential for hand dug
or drive point domestic wells completed in the Pleistocene and/or the near surface Raritan sands has
been utilized in only a few areas.

Industrial zoning now in effect in the county will limit industrial development to three general areas:

(1) in southern Mercer County along and near Route 4130 and the Bordentown line of the Pennsyl-

vania Railroad; (2) in central Mercer County along U. S. Route #1 and the Pennsylvania mainline;
and (3) in the northern part of the county along the Reading Railroad and Route #69 and county

route #518. .

Deep wells to the lower Raritan in the southern industrial zone, if properly constructed, can be ex-
pected to yield 500 gpm or more from depths between 200 feet and 350 feet.

Ground water resources in the central industrial zone are moderate in some selected areas and negli-
gible in some of the western parts of the area. The Delaware and Raritan Canal is within or close
enough to the Central industrial zone to serve as a source of water.

The northern industrial zone of Mercer County has several areas with no ground water potential;

others with only a moderate potential, and lacks any nearby large surface water supplies because much of the
ing the drainage divide between the Delaware and the Raritan Rivers.

area is along the high ground formi
Moderate industrial or public water supplies can be developed in areas underlain by the Brunswick
minor geologic structures

shale or the Stockton sandstone by either careful attention to the location of
which may substantially increase the yield of a well or by drilling multiple wells to depths between 200

feet and 400 feet on spacings of at least 900 feet in the hopes of securing a total yield which will be
equivalent to an average yield in excess of 100 gpm from each well.

Industrial or large-capacity public supply wells should not be attempted in areas underlain by ar-
gillite or basalt. The pre-Triassic crystalline rocks would also seem inadequate for wells requiring large
amounts of water.

Housing developments relying on individual wells and septic tanks with two-thirds of an acre mini-
mum lot sizes in areas underlain by shale and sandstone and two acres minimum lot sizes in areas under-
lain by argillite and diabase can probably secure adequate potable domestic water supplies without the
attendant danger of contamination. Public water supply and sewage systems would seem to be desirable

if lot sizes are planned below the above minimum values.
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The determination of lot sizes for industrial plants depends on many factors of land use and neigh-
boring water requirements and should be considered on an individual basis. A rough figure of one acre
for each one gallon per minute of water required on a twenty-four hour basis would seem to be a rea-
sonable starting estimate for lot size, which would be modified up or down as the investigation is made,

Minimum domestic lot sizes in the Coastal Plain Formation would probably be about two-thirds of
an acre. Local permeability problems might make a larger size desirable.

Industrial lot size and spacing of wells should be determined within the framework of the relation-
ship of the area within which wells are completed to the Raritan as compared to the outcrop and re-
charge area. All of the latter is found in Mercer County while the former area extends a considerable
distance to the south of the county boundary.

RECOMMENDATIONS

1 Residential areas where reliance is placed on individual household wells and septic tanks should
be zoned in accordance with the underlying rock to a minimum lot size as follows:

Pre-Triassic Crystalline 1 Acre
Stockton Sandstone 2% Acre
Argillite 2 Acres
Brunswick Shale % -1 Acre
Raritan and Coastal Plain 24 Acre

If public water supply and sewerage systems are installed, the minimum lot size can be smaller.

2 Planning for the integrated development of existing and future public water supply systems
in the areas of poor ground water availability should be instituted and made a continuing program.
Such an approach is particularly important in the Princeton-West Windsor Township area.

3 Programs leading to greater availability of surface water supplies in the central and northern
industrial zones should be inaugurated. Proposals in the TAMS Report and those supported by
Oldis and others in the Stony Brook and Jacobs Creek Watershed could serve as a starting point for
such studies. Mercer and Somerset Counties, Hopewell and Montgomery Townships and Pennington
and Hopewell Boroughs can achieve only very limited industrial development with the existing
availability of water in the northern industrial zone. The proposed programs could be linked to
open space and recreation for the general benefit of the entire area.
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Symbols Used in Township Well Tabulations

Boroughs, towns or other local government units with a small area are included in surrounding or ad-

jacent township units.

Well Number

Casing Diameter
(inches)

GPM

Well Depth
(feet)

Fm

Casing Length

(feer)

Static Water Level
(feet)

Owner
Year Drilled

Use

Water Level/
Hours Pumped

Well number as indicated on well location map. Each township has a separate
series of numbers.

Final diameter of the well or diameter of screen. Six inch well unless indicated
otherwise.

Yield in gallons per minute as reported by driller.

Depth of well in feet from surface as reported by driller.

Geologic formation from which water is secured.
Fm (P) well pumping from fm indicated.

Fm (B) well bottoms in fm indicated.

See geologic map for formation symbols.

PC = pre-Cambrian

Pleistocene is undifferentiated in tables.

Length of casing used in well. This usually indicates the top of sound rock or
top of screen.

Static level of water in well as feet below the surface as reported by driller.

Owner as given on well permit at time well was drilled. Where a change in
ownership is known to the Bureau, the newer name is used.

Year well was drilled. '00-’63 = 1900 to 1963; '80-'99 = 1880 to 1899.
Type of well; I = industrial. Otherwise well is classed as a domestic well.

Pumping level and duration in hours as given by driller on well report form. If
hours are not specified, assume a two hour or less bailer test.

Any pertinent remarks or unusual conditions are given as a second line.

For value indicates no figure is available from well record information.

The townships are not placed in alphabetical order, because it was felt that the report could most
conveniently be used if adjacent townships with the same geology were described in the same section of
the report. Thus, Hamilton, Washington, and East Windsor, which are predominantly Coastal Plain, are
described immediately after the city of Trenton. West Windsor, which has more Coastal Plain and some
Triassic, is next described. Princeton, Lawrenceville, and Ewing, which have predominamly Triassic
shales and sandstones, are described next. Hopewell, the largest township and the one with the most
complex geology, is described last.
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SUMMARY

Engineers, officials, realtors, planners, and citizens with an interest in ground water resources will
find in this teport summaries of reasonable expectations of depth and yield for wells drilled anywhere
in Mercer County. Drillers’ reports from over 1,000 wells have been analyzed and summarized by geo-
logical formation, by township, and with respect to local problems. Maximums, minimums, averages,
and probabilities of depth and yield for domestic or industrial wells for any part of Mercer County can
be determined from the data provided. Information and maps concerning watershed areas, industrial
zones, and water company service areas are also provided.

All water supplies in Mercer County are derived from: (a) the Delaware River along the western
border of the county; (b) the Delaware and Raritan Canal running southward along the Delaware River
to Trenton and then northeastward following Assunpink Creek, Shabakunk Creek, Stony Brook, and the
Millstone River until it leaves the county northeast of Princeton; (c) surface waters from farm ponds,
impoundments, or from the minor streams of the county; or (d) from wells. Surface water supplies and
their development or utilization are further complicated by laws which limit the movement of water from
the Delaware River Basin, the southwestern two-thirds of the county, into the Raritan River Basin, the
northeastern third of the county. At the present time a limited amount of water may be, taken through
the Delaware and Raritan Canal. There are both legal and physical limits as to the amount of water
which can be taken from the canal and utilized in different parts of Mercer County.

Most of the population of Mercer County concentrated in the area around Trenton is supplied by
the Trenton Water Company with water drawn from the Delaware River. Other urbanized areas are
supplied by water companies depending upon wells. While most of the suburban expansion has so far
occurred in areas which can be supplied by existing water companies or where individual wells are not
too expensive and are usually adequate, in several townships, particularly in the northern part of the
county, pressures have developed in recent years to permit construction of realty improvements whose

water requirements exceed or will exceed the ground water supply obtainable within and near their
boundaries.

Of the three major industrial zones in Mercer County, all of which cross the Delaware Basin-Raritan
Basin Drainage Divide, the southern zone along U. S. Route 130 is supplied by large capacity wells
completed in the Raritan formation: the central zone along U. S. Route | and the Pennsylvania Rail-
road mainline has limited ground water supplies but is close to the Delaware and Raritan Canal: and
the northern zone, near U. S. Route 69 and the Reading Railroad, has neither surface water supplies nor
the expectation of more than moderate supplies from wells,

In short, while most of Mercer County has adequate to moderate water supplies available for domes-
tic and many industrial uses, southern and central Mercer County have the greatest future potential for
the development of large supplies from either underground or surface water sources. This generalization,
however, must be applied with caution. The areas for some specific uses such as irrigation wells, wells
for high rise apartments, or industry with a large water requirement are limited in the county.

Ground water supplies are limited in areas underlain by Precambrian rocks, by argillite and by dia-
base. Unless surface water supplies or water piped in from outside the area is available, industrial de-
velopment and housing developments on lots of less than two acres should be discouraged in areas un-
derlain by argillite, by diabase, and perhaps by Precambrian rocks.

‘The area of Precambrian rocks extends northeastward from Trenton to Princeton Junction. Domes-
tic wells are adequate ranging from 50 gpm to no water with most in the 5 - 9 gpm range. Industrial wells
range from 175 gpm to 0 gpm and average about 35 gpm with only about one-third giving more than

50 gpm. Nearly all of the area underlain by Precambrian rocks is covered by Pleistocene sediments which
provide well water in some areas.

There are several bands of argillite in northern Mercer County which contain very limited supplies
of ground water. Over one-third of the domestic argillite wells give an inadequate 4 gpm or less. One
argillite well in ten yields less than 2 gpm. A few industrial wells have been attempted, chiefly in the

area between West Trenton and Pennington. The maximum yield for an industrial well was 90 gpm,
while over half of the wells gave 20 gpm or less. :

Diabase is found in the Rocky Hill sill in northern Mercer County and in several intrusive plugs
in Hopewell Township. No industrial wells have been attempted in areas underlain by diabase. Do-
mestic wells range from 100 gpm to nothing with only one well in ten giving water in excess of 10 gpm.
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STRATIGRAPHIC COLUMN FOR MERCER. COUNTY

Geologic time intervals are arbitrary divisions of unequal length. Each may be matched by one or
more geologic formations. An era, the largest division of geologic time, is subdivided into smaller units
called periods. Formations, which are mappable rock units, are usually assigned to periods or smaller
subdivisions of geologic time, on the basis of distinctive fossils, if present. or distinctive lithology. In the
columns below the nurnber in parenthesis indicates the total millions of years before the present when
each geologic period began. The rock type given after the formation name is the most common variety.

Other types of rocks are also usually present within the formation.

Thickness
Era Period In County Formation and Rock Type
Recent (14,) 3077 Soil and alluvium
Cenozoic Quaternary (1)
Pleistocene 150” Glacial deposits
Pliocene
Tertiary  (70) Not present in county
Paleocene
Higher Cretaceous formations not
present in county.
Cretaceous (133) 30 Marshalltown—clay (most expos-
ures outside county)
(Coastal Plain) 1207 Englishtown—sand
(Hamilton, Washington, Windsors, 50 Woodbury—clay
Hightstown area) 60 Merchantville—clay
Mesozoic : 250-300~ Magothy-Raritan—sand and clay
Jurassic (180) Not present in New Jersey
Triassic (225)
48507 Brunswick—shale
(Hopewell, Ewing, Lawrence, Prince- 2900~ Lockatong—argillite
ton area). Igneous rock-intrusive 3300’ Stockton—sandstone
diabase (Hopewell, Princeton) 1300 Igneous-diabase
Permian (270) Not present in state
Pennsylvanian " “ oo
Mississippian  (350) “ “ oo
Paleozoic Devonian (400) Not present in county
Silurian (440) * “ oo
Ordovician (500) “ “ o
Cambrian (600) Unknown Hardyston—quartzite
(Trenton area)
Precambrian Unknown No named formations in county

(Began billions of years ago) -
(Trenton area)

13
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PRECAMBRIAN (PRE-TRIASSIC ) ROCKS

Pre-Triassic rocks are found exposed in the Delaware River opposite Trenton, within the bed of
Assunpink Creek and elsewhere in excavations in the city, eastward in Lawrence Township, and formerly
as far east as Princeton Junction. This group of rocks consists of the Cambrian Chickies or Hardyston
quartzite, an alleged equivalent of the Wissahickon schists which may be either Precambrian or early
Paleozoic (post-Hardyston) and a meta-gabbro and other igneous rocks such as pegmatite and granite
gneiss, which are generally classed as Precambrian in age. The outcrops in Mercer County are too sparse
to permit the correlation with certainty of these formations to the more extensive outcrop area and ex-

posures west of the Delaware River. The quartzite has a rather striking continuous outcrop across the
river on either side of the Calhoun Street Bridge to Morrisville.

In the 1909 Trenton Folio these rocks are shown as outcropping from beneath the Pleistocene for-
mations as far east as Bakers Basin. On the 1950 State Geologic Map, an outcrop area is indicated just
west of Princeton Junction. Well drilling operations in the past few years in the area between Princeton
Junction, Edinburg and Trenton suggest that the crystalline rocks lie close to the surface below a thin

cover of Pleistocene deposits and underlie a much more extensive area and are much nearer the surface
than has heretofore been indicated.

Since all of these rocks are hard crystallines, yielding water only from fractures, the age and lithologic
differences are not important for the present study. However, when these rocks are close to the surface,
are not capped by Triassic sandstones or Raritan sands and are covered only by Raritan clavs or thin
Pleistocene deposits containing much silt, the area underlain by these pre-Triassic rocks becomes impor-
tant in studies of the ground water potential of Mercer County. For convenience in this study, in maps,
sections, and discussion, these crystalline rocks are hereafter referred to as Precambrian without regard

as to whether they are actually Precambrian gneisses or meta-gabbros, Cambrian quartzites, or younger
gneisses and schists.

Field reconnaissance was conducted by the New Jersey Geological Survey in Mercer County during
May, 1960 as a preliminary step in the preparation of a geologic base map for the ground water report
on the area. The existing geologic maps did not seem to agree with information from new exposures
and well data that were not available when the geologic map was revised in 1950.

Prior to commencement of field work, considerable research was conducted on published data on the
pre-Triassic rocks shown in the Trenton and Princeton Junction areas on the State Geologic Map. Out-
crop localities given in the permanent notes were noted on the new U.S.G.S. 1:24000 quadrangle sheets.

Field checking was started in the Trenton area. Precambrian gneiss in a highly weathered state was
found beneath a few feet of overburden in the excavation for a large building 1,500 feet southeast of
U. S. Route #1 on that part of the highway between Texas Avenue and the Lawrence Drive-In Theatre.
This area was formerly mapped as Triassic on the geologic map. The occurrence of Precambrian gneiss

at_this locality and as outcrops to the west n’ecessitated_ggp“vih'g A.tjhe"l"riassic-}?;gqgg}_@gi,an..canmct in a north-
TWesterly direction nearly Ghe-fourth 5f 3 mile, T

Reconnaissance was continued in a zone about three miles wide from Trenton to Princeton Junc-
tion on both sides but chiefly southeast of U. S. Raute #1. All roads in this area crossing the Cretaceous-
Triassic contact as shown on the geologic map were traveled. All areas of potential OULCTOp Or exposure
were examined including road cuts, stream banks, and excavations for buildings and garbage burial. It
soon became evident that the contact zone as mapped was based on inference rather than on outcrop.
No identifiable outcrops of Cretaceous or Triassic deposits were found within one-fourth mile of either
side of the contact zone as previously mapped. Intensive search disclosed only Pleistocene deposits at
or near the surface. Clay was found in the area between the Delaware and Raritan Canal and Assunpink
Creek just south of BakKersville. The white and gray clay, upon cursory examination, appeared to be
Cretaceous, however, detailed examination and comparison of samples suggests that this clay is a Pleis-

tocene deposit, consisting largely of reworked Raritan Formation and/or Precambrian saprolite materials.

Mention was made in the permanent geologic notes of several Precambrian outcrop areas which
apparently were utilized in preparing the State Geologic Map. All of these localities were visited and
field-checked for this report, and all apparently have been covered by sanitary land fill or other con-
struction in recent vears. One of these locations was on the north side of the railroad at a crossing near
Duckpond Run, two miles southwest of Princeton Junction. This, apparently, was concealed by the fill
for the construction of 3 highway overpass. The most famous locality, a few hundred yards southwest of
the Princeton Junction Station, is now utilized by West Windsor Township as a dump, and the Pre-
cambrian outcropping is no longer visible. However, the yellow and white conglomerate, tvpical of the
basal Triassic, is still visible north of the dump. A newly constructed farm pond, south of the railroad
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tracks on the Old Post Road several hundred vards southwest of the above-mentioned dump, showed
that it bottomed in clays containing blue quartz pebbles characteristic of the nearby Precambrian. All of
the area listed as Precambrian was very caretully searched for outcrop, and it is concluded that earlic.

mapping was based on information from well logs, just as in the case in this report, and on now-van-
ished outcrops.

{

Simultaneously with the field check operations, all well records on file in the office were consulted
tor the area between Trenton and Princeton Junction on either side of the Pennsvivania Railroad main
line. The study of well records was made over an area sufficiently wide so that all areas which anvone
had previously mapped as Precambrian, as well as those areas where there was reason to believe that the
Precambrian was close to the surface, were encompassed.

Twenty-one well records were found adjacent to but outside of the areas formerly mapped as Pre-
cambrian. All of these wells first penetrate Pleistocene deposits of one kind or another. Some end in
identifiable Precambrian rock, while others penetrate a few feet of either gray or yellow clav. In some
of the records, this clay has been interpreted as Cretaceous. It is believed, in view of the material found
in other wells in the general area which have penetrated thick sequences of Pleistocene and in view of
the character of some of the clays observed at the surface in known Pleistocene deposits, that these clays
in the above-mentioned wells are probably reworked Precambrian material. Some of the well logs tor
these wells were prepared by geologists, but others were prepared by the local drillers who are believed
to have sufficient experience in the area to be able to identify the various geologic materials. Only those
drillers’ logs whose location was surrounded by reliable sample logs which had been described by geolo-
gists were used in the study and in the preparation of the geologic cross-sections.

West Windsor Township well 25, although a drillers’ log, seems to indicate the existence of a Creta-

ceous filling in a channel in the Precambrian because the interval between 25 and 80 feet is described as
white clay and white sand.

There is a lack of reliable subsurface information in the Great Bear Swamp area. Hamilton Town-
ship wells 73, 74, and 75 to the south and southeast of the swamp according to the drillers’ logs mav
penetrate a thin section of Cretaceous before ending in Precambrian rocks. Hamilton Township well
70 appears to penetrate Pleistocene for its entire depth. The Precambrian-Cretaceous contact has there.
fore been arbitrarily located along the southern portion of Great Bear Swamp. A well drilled in No-
vember, 1960 after the revised contact had been drawn in was located just north of the inferred Precam-
brian boundary. The well struck dark green Precambrian schist at a depth of nine feet.

The shape of the Precambrian outcrop area beneath the Pleistocene suggests that. at several points,
valleys or channels trending north-south, or northeast-southwest .may have been eroded in the Precam-
brian basement. One such channel filled with Pleistocene may be indicated by West Windsor well 64
and 95 drilled for Wing Hing Farms. Other well records and geophysical traverses in the area suggest
that there are other such channels which may have thin deposits of Cretaceous sediments. a thin residual
laver of Triassic rocks, or uneroded weathered Precambrian material in the valley bottom. However. in
most of this area between Trenton and Princeton Junction the Cretaceous or Triassic cover. has appar-
ently been eroded away until the Precambrian has been exposed and the vallevs thus formed have been
entirely filled with Pleistocene sediments.

Wells Tapping the Precambrian

In the study of the Precambrian rock area of Mercer County, 119 wells and test borings were plotted
on the 1:2400 scale U.S.G.S. Quadrangle maps of the area. Of this group 26 domestic and 41 industrial
wells were found to be getting their water from the Precambrian. Twenty other wells were drilled to
the Precambrian but secure their water from the overlying formation.

Only four industrial wells in Ewing Township, all close to the Trenton City line draw from the
Precambrian. Twenty of the Precambrian wells are industrial wells in Trenton. There are 17 domestic
and 7 industrial wells in West Windsor Township all in or around Princeton Junction. The remainder
of the Precambrian wells with one exception are in Hamilton and Lawrence Township within a mile
of the Pennsylvania Railroad main line. The exception is an unsuccessful irrigation test well in. Wash-
ington Township nearly three and a half miles south of the railroad.

Domestic wells tapping the joints and fissures in the Precambrian may be expected to vield about
10 gallons per minute from a depth of about 120 feet as shown on the tables below.
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CITY OF TRENTON

All of the City of Trenton is served by the Trenton Water Department which gets its water from the
Delaware River. However, there are a large number of industrial water wells, most of which were

drilled before 1940, in center city and in the industrial zones to the south and east. This Bureau also
has records for three domestic wells.

Trenton is shaped like a stubby “T” with the top of the “T” against the Delaware River and the
stem extending northeastward along the Assunpink Creek and the Pennsylvania Railroad. Of Trenton's
7.5 square mile area, approximately 8 square miles of the stem and the immediately adjacent top of
the bar are underlain by Precambrian rocks. The northern tip of the bar, approximately 1.7 square
miles, is underlain by Triassic rocks in which 9 wells have been drilled. With one exception, a domestic
well, these wells were drilled for the Trenton State Hospital and the State Home for Girls. The 2.9
square miles of the southern part of the “T” is underlain by only a moderate thickness of the Raritan
formation resting on Precambrian crystallines capped by a veneer of Pleistocene sands and gravels. In
many cases an effort has been made to obtain water from the overlving unconsolidated sediments whether
they be Pleistocene sands and gravels or the sands of the Raritan formation. Eleven wells in this part
of Trenton obtain water from the Raritan formation and some 15 have been driven to or obtain water
from the underlying Precambrian rocks. Eight wells obtain water from the Pleistocene sands and gravels.
Three wells, numbers 5, 6, and 7 were apparently drilled in an unsuccessful effort to obtain water from
the Pleistocene gravels and/or the sands of the Raritan formation, both of which were drv at these lo-

cations. The wells were drilled a short distance into the Precambrian rocks to depths of only 50 to 55 :
feet.

Records for 47 industrial wells, drilled within the City of Trenton between 1892 and 1961, are sum-
marized below:

YIELD IN GALLONS PER MINUTE

No. of
Formation Wells Maximum Minimum Average Median
Precambrian .. .. .. .. 20 175 0 38 23
Pleistocene .. ... .. ... . . 8 200 5 62 50
Stockton . ... .. ... 8 602 45 164 121
Raritan ... . .. . .. 11 1,040 60 383 350

DEPTH IN FEET BELOW SURFACE

No. of
Formation . Wells Maximum AMinimum Average Median
Precambrian ..... ... .. .. . . 20 900 50 365 353
Pleistocene ... .. ... .. ... ... 8 179 26 84 39
Stockton . ... ... . 8 588 200 351 322
Raritan ... . .. ... ... 11 317 80 154 113

The vield was given as “plenty” for well number 21 and a value of 50 gpm was used in the tabulation.
Well number 23, giving 550 8Pm, is-an exceptional case which is discussed in the section on Precambrian
wells.

As explained in the section on the Precambrian, depth figures as given should be used with caution.
Water may have been obtained at almost any point above the bottom, particularly in the deeper wells:

there is no relationship between depth and yield. Average depths for industrial wells are probably fairly
reliable for use as a budget figure.
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CITY OF TRENTON

Static
Casing Well Casing Water
Vel Diam. Depth Lengih Level Year Water Levelf
Number (Inches) GPra (Feet) Fm. (Feet) (Feet) QOuwner Drilled Use Hours Pumped
1 10 602 102 Trs 39 25 Trenton State Hosp. 57 1 136/24
2 6 15 194 pC 74 30 St. Michaels Church ‘b5 60/—
3 8 261 117 Kmr 109 39 Mectropolis Brewery 56 i (i0/8
4 8 15 75 Qp (P) . - Ani Bilt. Rubber Co. 52 1 28/—
e e e b (B) e LT T . o
5 6 0 55 pG 18 .. Am. Bridge Company 46 1
6 6 0 50 “ 10 : " “ I
7 6 0 55 “ 20 . - ‘ “ 1 -
8 8 60 90 Kmr (P) . Columbian Carbon Co. '52 1 45/—
(Contaminated-Abandoned) pC(B) .. A (Magnetic Pigment Div.)
9 8 84 480 pC 103 25 Magnetic Pig. Div. #1 '36 1 160/6
10 8 25 713 - “ . 75 “ #2 ‘37 1 250/24
11 8 400 109 Kmr . 30 Trenton Brewery Co. "33 1 661/ [—
12 8 380 317 Kmnr (P) 274 : “ . 1 N
pC (B) Rock at 280 Qp 36’ Kmr from 36’ or Elev.—%’
& 13 8 25 179 Qp () 135 57 Chambersburg Dairy ‘37 1 83/—
, pC (B) '
14 8 350 86 Kmr . 30 Trenton Brewing Co. 45 I o
15 12 70 598 PG 19 . Hamilton Rubber Co. ‘04 1 170/—
16 8 40 §6(_)_‘__‘h_“~ 30 60 Hamilton Rubber Co. 44 I 180/—
17 8 5T 122 Qp®®) 77T TRocbling & Sons Co., '36 A U
(Abandoned, no water below 67y  pC (B)
18 6 560 224 Kmr 208 28 Roebling & Sons Co. “ I 53/—
19 8 100 200 Trs . 21 State Home for Girls 21 1 38/—
(Condemned and abandoned 1930) .
20 8 130 337 “ 304 28 State Home for Girls "31 1 5717,
21 6 50 103 Op (P) - 28 Rocbling & Sons '36 I
(Contaminated, not uscd) pC (B) )
22 8 124 372 Trs . 11 State Hosp. #11 43 I 56/20
23 8 175 520 pG - 60 Stokeley-Van Camp Inc. 12 1 40/~
(Yield that is used in Summary; tested at 550 GPM in 1953)
24 12 100 20 Qp(P) . 8 Stokes Rubber Co. ‘38 1
pC -
25 14 1,040 90 Kmr . .. Trenton Brewing Co. ‘37 I 60/~

(Hardness—274 PPM)



CITY OF TRENTON (Continued)

Cusing Well Casing lﬁ:tléi
Well Diam. - Depth Length Level . Year Water Level/
Number (Inches) GPA (Feet) Fm. (Feet) (Feet) Ouwner : Drilled Use Hours Pumped
26 S 300 150 Kmr - .+ Trenton Brewery . 1
27 .. 100 264 “ L .. « ‘92 I
28 8 50 104 Qp () 50 30 Magnetic Pigment Diyv. 37 1
‘ Kmr (B)
(Well is polluted and hard) pG )
29 . 11 115 " - , Ingersol Watch Factory 10 1
30 8 50 32 Qp - 8 S. P. Dunham & Co. ‘37 1
31 8 15 376 pG . 87 . Trenton State Prison 11 1 o
32 10 & 8 47 300 - “ 69 30 “ “ 1 100/14
" (Hard and polluted) )
33 8 2 . 418 oo 79 . - ' - I .
34 8 60 330 “ S ' 28 Trenton Times '37 1 80/—
35 . 0 730 " . Am. Mechanics Bldg. - I e
36 -8 85 415 “ 26 16 Stacy-Trent Hotel '36 | 86/—
o (Down to 30 gpm in 1938, hardness 374 ppm)
° 3 - 0 170 . - - Kerns 08 1
38 . 15 415, o . . Trenton Packing Co. : 24 1
39 - 200 30 Qp . : Crescent Insulated Wire Co. ‘38  (Priory | o
10 8 340 170 Kmr 134 39 Roebling & Sons ‘39 I 133/~
4. 6. 16 142 pC . T Pierce-Roberts Rub. Co. 41 I 87/— .
42 6 20 36 “ . s N. J. Manufacturing Assoc. ? ‘ 25/71,
(Tested in 1954) -
43 . 15 90 Trs? . . Bergen 12 .
14 8 117 302 Trs - . 24 State Hospital ‘ 47 I 90/—
45 .. 125 305 “ . .. “ 08 .. )|
(Static levetl lowered 65° in 24 hours) .
46 . 75 307 “ . .. “ * I 100/21
47 . 45 588 “ - 65 N - |
48 .. 100 900 pC . .. Globe Rubber Works 08 1
(Shut with dynamite, very hard)
49 . 20 125 * .. .. Trenton Coal Yard : 07 I
(lowcered in 6 hours)
50 10 400 80 Kmr 70 30  Metropolis Brewery 61 1 55/8

51 5 wells yielded small supply pG . . Crescent Insulated Wire ‘14 (Prion) 1 Rock at about 42/
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HAMILTON TOWNSHIP

About one-fourth of Mercer County’s population is found within Hamilton Township’s 39.4 square
miles. Somewhat more than a third of this area and more than half the people are served by the Trenton
Water Department, which obtains water from the Delaware River. An area of about one square mile is
served by the Hamilton Square Water Company from wells drawing from the Magothy and Raritan
formations.

Since all of Hamilton Township lies within the Delaware River watershed, other surface supplies
using river water may be developed if the need arises. The northern half of the township is in the drain-
age basin of the Assunpink Creek, about half being in the Trenton Water Department service area.
About six square miles south of Trenton, all in the area being served by the Trenton Water Department,
is drained by minor tributaries of the Delaware. The rest of the township is in the drainage basin of

Crosswicks Creek with most of the area, about fifteen square miles, outside the service areas of water
companies.

tions and the sands of the Englishtown formation overlie the Magothy and Raritan formations in suc-
cessively higher layers. Pleistocene sand and gravel formations overlie all of the older formations except
In some of the deeper stream valleys. The Pleistocene formations usually occur as a thin veneer, but
thicknesses of 40-60 feet are not uncommon and in a few places there may be 100 feet or more.

water. In the northeastern part of the township where these formations are missing, thin, or are pre-
dominately clay or silt, wells have been completed in both the underlying Precambrian rock and in the
overlying Pleistocene deposits. The Pleistocene as a source of water in central and southern Hamilton
Township has, in general, been overlooked possibly because its most effective utilization will depend

low wells have been completed in the Englishtown formation in and near the extreme southeastern
part of the township. In the low-lying western portions of this township adjacent to the Delaware River,
there are no well records, but caisson or Raney type wells in the river gravels would probably yield moderate
to large amounts of water for industry. This low-lying area, however, is within the service area of the
Trenton Water Department.

Records of four domestic and five industrial wells completed in the crystalline rocks of the Precam-
brian and Hardyston quartzite are, with one exception (#4), within the outcrop area of these formations
in the northeastern part of the township. Well #4 apparently encountered no sand in the Raritan and
got 1 gpm from the Precambrian.

In the area underlain by the Precambrian and Hardyston rocks, 3 domestic and 12 industrial wells
draw from the Pleistocene deposits. In central Hamilton ‘Township ¢ other domestic wells have also been
finished in the Pleistocene sand and gravel.

All of the remaining 73 wells in Hamilton Township used in this study, with the exception of one
well completed in the Englishtown formation in the southern part of the township, draw from the Ma-
gothy and Raritan formations. One (#45), a domestic well, was a test and apparently was never used;
43 are domestic wells, and 28 are industrial or public supply wells. Domestic wells drawing from the
Raritan will be from 60 to 150 feet deep in the Mercerville-Hamilton Square area, from 120 feet to 180
feet deep in the White Horse-Robbinsville area, and from 150 feet to over 200 feet deep south of U. S.

the Raritan in Hamilton Township is 304 feet deep; the shallowest (#49), only 40 feet deep, may be
drawing from a sandy phase of the Pleistocene deposits. Well #7 is 317 feet deep but draws from the
Raritan at less than 156 feet after the casing was pulled back.

The overall geologic relationships and well data suggest that the Magothy and Raritan formations
Id not be expected to yield large quantities of water north and west of Mercerville; but since the

nearly always be satisfactory if drilled deep enough. Southeast of a line from White Horse to Robbins-
ville, industrial wells giving 300 - 500 gpm may be expected if properly constructed. Wells of 100 gpm
to 200 gpm may not have to be as deep as the larger capacity wells. The depths of industrial wells range
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from 150 to 220 feet in the Hamilton Square area to in excess of 300 feet deep near the New Jersey
Turnpike.

That part of Hamilton Township which lies south of the New Jersey Turnpike cannot be com-
pared to other parts of Mercer County because comparable parts of the geologic formations encountered
are found either to the southwest in Burlington County or to the east in Monmouth County. In addition
to #83 an Englishtown well and three Hamilton Township wells south of the Turnpike drawing from
the Raritan, a tabulation of 15 Englishtown wells and 27 Raritan wells located outside of Mercer County
follows the Hamilton Township tabulation. The location of these wells is shown on Plate IV. The
Raritan formation is trapped at depths of from 76 to 456 feet for domestic wells and from 73 feet deep
to 537 feet deep for industrial and irrigation wells. A few wells have been completed in the overlying
Merchantville and several shallow Raritan wells may actually be drawing from the Merchantville or the.
Pleistocene.

The records for the nine wells in northern Hamilton Township completed in the Hardyston quartzite
or Precambrian rocks is summarized below.

No. of YIELD IN GALLONS PER MINUTE

Wells Maximum Minimum Average Median
Domestic ........................... 4 20 1 9 7
Industrial ....... ... . . . ... ... ... 4 60 7V 30 28

No. of DEPTH IN FEET BELOW SURFACE

Wells Maximum Minimum Average Median
Domestic .......................... . 4 203 60 170 169
Industrial ... ......... .. .. ... .. ... 5 280 50 151 121

A summary for the Raritan and Pleistocene wells and for Raritan wells south of Mercer County follows.
‘The southern tip of Hamilton Township is at present an area of large farms from which very few well
records could be obtained.

* #71 not tested.

DOMESTIC WELLS

No. of YIELD IN GALLONS PER MINUTE
Formation Wells Maximum Minimum Average Median
Pleistocene deposits (undifferentiated) . 7 15 3 9 10
Magothy and Raritan ... ... .. ... . ... 44+ 470+ 7 15 15
Kmr South of Mercer Co. ...... .. ... .. 13 80 7% 32 30

No. of DEPTH IN FEET BELOW SURFACE
Formation Wells Maximum Minimum Average Median
Pleistocene deposits (undifferentiated) . 7 62 17 50 55
Magothy and Raritan ...... ... ... .. .. 44 317 (304) 55 115 100
Kmr South of Mercer Co. .. ... ... .. ... 13 456 76 230 200
INDUSTRIAL WELLS :

No. of YIELD IN GALLONS PER MINUTE
Formation Wells Maximum Minimum Average Median
Pleistocene deposits (undifferentiated) . 12 228 2 117 132
Magothy and Raritan ... ... ... . .. . 27 700 35 246 200
Kmr South of Mercer Co. .. ........ . . 12 580 40 361 503

No. of DEPTH IN FEET BELOW SURFACE
Formation Wells Maximum Minimum Average Median
Pleistocene deposits (undifferentiated) . 12 61 25 42 42
Magothy and Raritan .......... .. .. . 27 334 67 194 220
Kmr South of Mercer Co. ... ....... . .. 12 537 73 268 358

* #£45 was not tested. ]
** Well #41 giving 100 gpm was not included in average. Average of wells 17 gpm.
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HAMILTON TOWNSHIP

Casing Well Casing g;:l‘:; :
Well Diam. Depth Length Level Year Water Level/
Number (Inches) GPM (Feet) Fm. (Feet) (Feet) Ouwner Drilled Use Hours Pumped
1 6 20 203 pG 101 11 Amer. Radiator Standard 'b5 187/2
2 10 500 150 Kmr 130 18 Hamilton Sq. Water Co. 56 I 59/168
(Abandoncd)
3 10 700 144 * 124 26 “ H oo 58 I 45/8
4 6 1 205 pG 183 36 Cacavio Bros. - ’55 co
5 4 10 64 Kmr 60 18 Wilson “ 45/2
6 6 25 55 “ 52 16 S.P.CA. '58 19/6
7 6 30 317 Kmr (P) 226(?) 23 Agabiti '54 . 60/—
pC (B) (Rock at 156 Casing pulled back into Raritan)

8 6 15 51 Qp 48 25 . Jarzyk '57 40/6
9 6 10 52 * 39 25 Armsparger “ *
10 6 15 85 Kmr 75 40 Pintinalli “ 52/6
11 8 10 142 * 128 50 Emil * 90/6
12 8 75 60 Qp (P) 35 23 Acme Rubber Co. 56 1 26/6

pC (B) -

13 10 460 230 Kmr 200 37 Hamilton Sq. Water Co. 58 I 160/9

14 8 150 218 " 164 53 “ “ oo '54 1 120/—
%S 15 8 50 190 " 175 . 47 Mercer Rubber Co. '57 I 130/6

16 3 10 62 ¢ 57 37 Rickard '54 38/8

17 6 270 259 “ 239 56 Walter Reade Theatres '56 | 110/16

18 8 50 186 “ 171 54 Mercer Rubber Co. 54 I 66 /—

19 4 20 215 “ . 45 Gardiner '57 © 50/2

20 6 15 125 : * 122 25 Amer. Legion Post #33 '59 34/6

21 6 20 236 “ 203 35 Biermuth ‘55 85/—

22 6 15 141 " 138 25 L. Chryanowski 57 50/6

23 6 20 162 * 159 25 E. Woods © 60 157/6

24 3 10 127 * 122 40 Nelson '54 41/10

25 8 300 207 * . 55 N. J. Turnpike Authority '55 I 130/9

26 8 250 200 " 173 55 “ “ 1 126/12

27 8 500 299 * 249 13 Crosswicks Water Co. '59 )| e

28 12 183 25 Qp (P) . 20 8 Thermoid Rubber '37 1

pC (B)

29 8 100 246 Kmr . 45 White Horse Bowl. Alley 45 I 65 /—

30 6 15 140 “o o . So. Broad Street School 23 o

31 6 100 198 " . .. Maple Shade School 247 1

32 6 80 217 “ . 140 Hartz & Knopf Dairy '33 I

(Pumps 10 gpm)
33 8 144

126 “ 113 28 Hamilton Twp. Sewerage Plant  '49 1 55/18
34 . 40 70 “ 30 30 Mc Galliard 08 I o



HAMILTON TOWNSHIP (Continued)

Casing Well Casing Ii'::;;
Well - Dian. Depth Length Level Year Water Level/
Number (Inches) GPM (Feet) Fm. (Feet) (Feet) Owner Drilled Use Hours Pumped
35 8 150 220 Kmr . 73 McGalliard 25 i c
36 2 35 67 " . . City of Bordentown 19 I
(Flows 35 gpm)
37 6 140 92 " 90 40 Kaye-Tex Manufacturing Co. '30 I 70/—
38 6 8 155 “ 152 68 Tulli 54 71/—
39 6 15 134 " . 30 Kopf ‘32 ce
(Irony water, Abd)
10 6 100 198 “ . . Yardville School 23 1
41 . 100 295 “ . . Mautz 09 e
42 6 20 123 “ .. 17 Buckley ‘53 58/—
43 6 47 141 “ . 32 Karzor 43 100/—
(Irony) . '
14 4 73 “ .. 42 Salmon ‘51 63/—
45 6 Test 304 “ . . Chandler -’35 ce
(Slightly irony) - )
16 6 15 100 N o . Vollwieder . c
47 8 40 110 " 100 50 Reader Bros. '51 I 70/24
. 48 4 10 64 “ . 30 Scalzo '52 42/—
- 49 4 10 40 “ - 18 Brenton " 30/—
50 12 300 186 “ 154 60 Hamilton Sq. Water Co. #5 54 I 110/—
51 . 15 200 “ . 40 Sayer . Co
52 6 15 69 “ 65 19 Bowes 53 45/—
53 8 500 220 " 187 51 Hamilton Sq. Water Co. #4 49 1 82/8
54 4 10 64 “ T 30 Vorhees ‘52 42/~
55 12 600 217 “ . 45 Hamilton Sq. Water Co. ‘34 1 e
56 6 15 65 " 51 . Rutkowski 51
57 6 15 117 “ . 45 Scheidnage 41 e
58 8 7% 50 pC 28 8 Pennsylvania Railroad 47 1 42/—
59 6 40 128 Kmr 118 40 Smith 49 42/4
60 4 15 64 “ . 25 Gareth '53 35/—
- 61 6 414 135 pC 60 11 Masterson 49 100/—
62 4 10 90 Kmr . 30 Hutchinson '53 b5/ —
63 6 20 68 “ 63 25 *  Kundow 49 27/6
64 6 15 68 " o . Anchor Thread Co. '36 -
65 8 50 38 Qp 23 14 Natl. Sponge Cush. Co. '57 1 31/6
66 8 80 39 . . .. Natl. Auto. Fibres Inc. 40 1 30/—
67 8 60 225 pC i, . Amer. Rad. & Stan. Sani. Corp. '24 1 68/—
68 6 15 60 Kmr 57 33 Dringus 54

69 .. 240 198 * .. 37 Roebling & Sons : 24 1 0/—




HAMILTON TOWNSHIP (Continued)

Casing Well ) Casing P.sl"t:tt;i .
Well Diam. Depth Length Level Year Water Level/
Number (Inches) GPM (Feet) Fm. (Feet) (Feet) Ouwner Drilled Use Hours Pumped
70 . 10 - 68 Kmr . 30 Shaw 53 42/—
71 8 ? 81 - pC . . Sloane-Blabon Corp. 41 I .
72 4 3 58 Qp 51 18 Licciardello 51 40/—
73 6 15 83 Kmr (P) 80 6 Mercer Contracting Co. '55 48/—
PC (B) '
74 6 15 60 Kmr (P) 57 8 Chevron or Calso Sta. '57 ‘ ' 12/6
pC (B) |
75 3 10 61 Kmr 56 56 G. Finkle '60 50/6
76 6 10 62 Qp 59 15 B. Clark '57 40/6
77 6 10 135 pC 40 15 G. McCullic “ 135/6
78 6 52 36 Qp (P) . . Thermoid Rubber Co. #4 ‘20 1 .
(Polluted) pC
79 8 40 280 “ . 18 Sterling Drug Co. '36 I 130/—
80 8 140 46 Qp (P) 27 11 Nearpara Rubber Co, 52 1 ce
pC (B)
81 8 140 19 Qp (P) 20 : 8 “ 41 I
-PC(B) _ -

& 82 8 185 35 Qp 25 11 N 58 I 25/8
83 .. 10 35 Ket . 10 LEwert , 52 .
84 8 15 121 pC 63 8 Thermoid Rubber Co, #9 20 I
85 . 2 36 Qp .. . Thermoid Rubber Co. F#1 20 1

(Abandoned for lack of water)
86 18 & 12 228 61 Qp (P) 9 “ #2 87 | 20/8

(50 gpm in 1953) pC (B)
87 10 125 50 Qp .. .. Bona Fide Mills 48 I N
88 3 5 58 “ 55 15 J. Cooper 61 58/6
89 3 10 17 “ 14 . W. Beebe * el
90 3 10 55 v 52 12 D. Perferi “ ce
91 6 15 72 Kmr 65 1 C. Green 57 15/6
92 6 10 89 . “ 86 41 Mrs. A. Svochak ‘54 45/—
93 3 20 80 “ 77 40 Brake Tire & Alignment 61 R
91 8 50 84 “ 78 25 ltalian American Club " I 68/6
95 8 200 88 “ 68 40 Kaye Tex Manufacturing Co. 60 I 50/5
96 3 15 120 “ 114 38 G. Gatson, Jr. 61 75/6
97 3 12 101 “ . 38 L. Bainbridge “ 40/6
98 4 10 118 " 115 . J. Karch 62 S
99 10 600 334 " 317 65 N.J.'T.P. Authority 60 1 154/8
100 4 7 195 “ 192 69 T. Cruzlovic 61 115/6
101 18 & 12 150 45 Qp 26 3 Sterling Drug Co. . '38 1 20/—

(Down to 50 gpm in 1940)
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Monsanto Co. (Poylchrome Corp.)
584 Rte 130°
Hamilton Twp./Mercer County
New Jersey

Monsanto Co., now functioning under the name of Poly-
chrome, is known to have been used for chemical process
waste disposal from 1962-1971. No file information at all
is available, with the exception of the Eckhardt report
listing, which 15 attached.

Since there is so 1little information available and the
function of the facility is dubious, I recommend a site in-
spection sn a medium priority schedule.

Submitted by: Kathleen Van Hook
Environmental Specialist
NJDEP-HSMA
RCRA 3012 Project

-
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Preliminary Assessment

Monsanto Co. (Polychrome Corp.)

‘584 Rte 130

Hamilton Twp./Mercer County
New Jersey



(SN
-~ POTENTIAL HAZARDOUS WASTE SITE L IDENTIFICATION
o EPA PRELIMINARY ASSESSMENT 01 STATE[0Z SITE NUWBER

A4 PART 1 - SITE INFORMATION AND ASSESSMENT

1. SITE NAME AND LOCATION
071 SITE NAME tapet Camcn, of Geacapare nar o Sae) |02 STREET, ROUTE NO.. OR SPECIFIC LOGATION IOENTIFIER
Monsanto Co. (Polychrome Corp.) 584 Rte 130
03 CiTY 04 STATE | 05 2% CODE 06 COUNTY ‘ OngeN N%G
Hamilton Twp. : NJ Mercer '
09 COORDINATES | ATITUDE LONGITUDE

40°11'20% | 74°39'24" _ |Block: 598 Lot: 41

10 HRECTIONS TO SITE t&umpmn-uul»e 1000)

From Trenton: Take Rte 130 S vieoI-195.Polychrome
is large b]ue facility on 130 south about 1-1/4 miles down,immediately
before Georgia-Pacific facility.

ill. RESPONSIBLE PARTIES

¢} _OwNEH (4 anewry 02 STREET (Msmess. Mamng. 10 su0entel)
Polychrome Corp. P. 0. Box 817
Qacny \ G4 STATE| 05 2IP COOE 06 TELEPHONE NUMBER
Yonkers NY }10702 €
07 OPERATOR (1 aown ana anrerent irom owner) 08 STREEY (Euamass. masev). oo sentes)
CsQiTy : 10 STATE | V1 1P CODE 12 TELEPHONE NUMBER
( }

13 TYPE OF OWNERSHIP (Caeca oner

X A.PRIVATE (8. FEDERAL: O C.STATE OD.COUNTY [T E. MUNICIPAL
{Agency name)
Z F.OTHEA. G G. UNKNOWN
1Suecnvy
11 LNEM DRI AATSA NOTIFICALICN ON 71 8 (Zneza o) ine: ot r.

L. A.RCRA 3001 DATE RECEIVED:

MUNTHN DAY YEAR

IV.CHARACTERIZATION OF POTENTIAL HAZARD

C B. UNCONTROLLED WASTE SITE ceRca 103e)  DATE RECEIVED: —_—t____ [ C.NONE
MONTH DAY YEAR

01 ON SITE tINSPECTION Bv:Mumun

O YES DATE O A.EPA O B. EPACONTRACTOR 0 C.STATE O D. OTHER CONTRACTOR

& NO UONTH DAY YEAR O E.LOCALHEALTHOFFICIAL 3 F. OTHER:

-iSpecdy}
CONTRACTOR NAME(S):
02 SITE STATUS (Cneca one/ 03 YEARS OF OPERATION .
O A ACTIVE O B.INACTIVE [ C. UNKNOWN ] X0 UNKNOWN
BEGRWING YEAR ENDIMG YEAR

04 DESCRIPTION OF SUBSTANCES POSSIBLY PRESENT, KNOWN, OR ALLEGED
Organics disposed of in mono industrial waste landfil].

05 DESCRIPTION OF POTENTIAL HAZARD TO ENVIRONMENT AND/OR POPULATION .
Possible leaching of contaminants into groundwater,

V.PRIORITY ASSESSMENT

01 PRIORITY FOR INSPECTION (Checa one. # DO 0/ MOGasm o CRecaed. comeeete Part 2 - Wasle enc Pan 3 . G ol k. [~ ang
5 A HIGH X B. MEDIUM - OcC. Low 0O D.NONE

nipecon Z] i {n206¢! ON tene Prvadscis Dase) {0 Irthe! SCOn AEe000d. COMDMI® Cot ol CLDOLEON fOrTY
VL INFORMATION AVAILABLE FROM .
01 CONTACT _ 02 OF (Apenc y/Or panazauony 03 TELEPHONE NUMBER

athleen Van Hook NJIDEP-DWM-HSMA 609e92-1210
04 PERSON RESPONSIBLE FOR ASSESSMENT 05 AGENCY 06 ORGANZATICH 07 TELEPHONE NUMBER | 08 DATE 6.
, 11

Kathleen Van Hook NJDEP HSMA 09292-1210 | “omisites

EPAFORM 2070-12(7-81)
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POTENTIAL HAZARDOUS WASTE SITE
PRELIMINARY ASSESSMENT
PART 2- WASTE INFORMATION

1. IDENTIFICATION

01 STATE {02 SITE NUMBER

WASTE STATES, QUANTITIES, AND CHARACTERISTICS

PHYSICAL STATES (Croas o0 e awsrr. 02 WASTE QUANTITY AT SITE 03 WASTE CHARACTERISTICS (Caeea o0 s amoors
(asenmmes of wasie Susnmns : -
1] A SOLD L2 E. SLURAY s 20 rosuensend : . A TONC L E. SOLUBLE 4, MGHLY VOLATLLE
(] B POWDER, FINES L £ LIOUID TONS ) B. CORROSIVE L F. INFECTIOUS L J EXPLOSIVE
e SLUOGE Caoas : - L C.RADIOACTIVE L G.FLAMMABLE L3 K. REACTIVE
. . - CUBIC YARDS . Ui D PERSISTENT . . IGNITABLE L L INCOMPATISLE
Unknown U M. NOT APPUCABLE
0. OTHER Unk
prrveem NO.OFDALMs Y MKNOWN -
. WASTE TYPE
TEGORY SUBSTANCE NAME 01 GROSS AMOUNT {02 UNIT OF MEASURE| 03 COMMENTS
- SLU SLUDGE
oLw OILY WASTE
SOL SOLVENTS
PSD | PESTICIDES
occ OTHER ORGANIC CHEMICALS Unknown
10C INORGANIC CHEMICALS
ACD ACIDS
BAS BASES
MES HEAVY METALS
.HAZARDQUS SUBSTANCES (see 100 most cand CAS M
01 CATEGORY 02 SUBSTANCE NAME 03 CAS NUMBER 04 STORAGE ‘DISPOSAL METHOD 05 CONCENTRATION | S MEASHRE OF,
i + 1
. FEEDSTOCKS /504 Aaoencu s CAS Munoees)
CATEGORY 01 FEEDSTOCK NAME - 02 CAS NUMBER CATEGORY 01 FEEDSTOCK NAME 02 CAS NUMBER
FOS ' FOS
FDS FDS
FOS £OS
. FO3 e FUS

|. SOURCES OF INFORMATION (Cus swcunc roiwrances. o y.. siaie lsws. sansime anarysas. 1e0ors |

Eckhardt Report for N. J.-P. 236

(Attached)

EPAFOAM 207012 (7-81)
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‘POTENTIAL HAZARDOUS WASTE SITE

PRELIMINARY ASSESSMENT

PART 3 - DESCRIPTION OF HAZARDOUS CONDITIONS AND INCIDENTS

L. IDENTIFICATION

01 STATE

02 SITE NUMBER

1. HAZARDOUS CONDITIONS AND INCIDENTS

01 X A. GROUNDWATER CONTAMINATION
03 POPULATION POTENTIALLY AFFECTED:

\

02 ) OBSERVED (DATE:
04 NARRATIVE DESCRIPTION

!

X POTENTIAL

Potential due to landfill disposal of chemical waste that may have
percolated into the groundwater.

C ALLEGED

03 AREA POTENTIALLY AFFECTED:

waste landfill.

04 NARRATIVE DESCRIPTION

Potential due to d1sposa1 of chemical organic waste

01 (. B. SURFACE WATER CONTAMINATION 02 U OBSERVED (DATE. ) U POTENTIAL . ALLEGED
03 POPULATION POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION

01 |3 C CONTAMINATION OF AIR 02 C OBSERVED (DATE. ) {J POTENTIAL C: ALLEGED

03 POPULATION POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION

01 13 D FIRE/EXPLOSIVE CONDITIONS 02 [: OBSERVED (DATE: ) () POTENTIAL (i ALLEGED !
03 POPULATION POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION

LOLELIZT oL el , SRR ER T L T o ST ALESEIZ
"3 POPULATION PCTENTIALLY AFFECTED 04 NARRATIVE D:SCRIPTION
01 LIXF CONTAMINATIOR OF SOIL 02 O OBSERVED (DATE: ) I POTENTIAL 0O ALLEGED

in industrial

C3 POPULATION POTENTIALLY AFFECTED:

04 NARRATIVE DESCRIPTION

01 L; G DRINKING WATER CONTAMINATION 02 () OBSERVED (DATE: ) L] POTENTIAL 3 ALLEGED
03 POPULATION POTENTIALLY AFFECTED. 04 NARRATIVE DESCRIPTION :
01 {2 H. WORKER EXPOSURE/INJURY 02 0J OBSERVED (DATE. ) T POTENTIAL {J ALLEGED
C3 WORKERS POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION -
Y
- .-
01 .3 1. POPULATION EXPOSURE/NNJURY 02 (! OBSERVED (DATE" ) G POTENTIAL O ALLEGED

EPAFORM 2070-12(7-81)
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; POTENTIAL HAZARDOUS WASTE SITE L IDENTIFICATION
e EP}Q PRELIMINARY ASSESSMENT 01 STATE[0Z SITE MAmER
a7 PART 3- DESCRIPTION OF HAZARDOUS CONDITIONS AND INCIDENTS

¢

, HAZARDOUS CONDITIONS AND INCIDENTS (Commven

01 O J. DAMAGE TO FLORA 020 OBSEAVED (DATE: ) O POTENTIAL 0 ALLEGED
‘A NARRATIVE DESCRIPTION - .

|l T x DAMAGE TO Fauna 020 OBSERVED IDATE. ______ ) C POTENTIAL T ALLEGED
NARRATIVE DESCRIPTION tincasse namers; o sosces) R

l Z L. CONTAMINATION OF FOOD CHAIN 02(JOBSERVED (DATE. ) = POTENTIAL 0O ALLEGED
C4 NARRATIVE DESCRIPTION
I 01 X M UNSTABLE CONTAINMENT OF WASTES ’ 02 0) OBSERVED (DATE. ) X POTENTIAL 0 ALLEGED

{ SOEL 11Ol § L U EOUIL MBRIN OF woriad )

i I POPULATION POTENTIALLY AFFECTED. 04 NARRATIVE DESCRIPTION
i .

otential-it is not known if waste landfill was lined dr not.

i C N DAMAGE TO OFFSITE PROPERTY ’ 02 O OBSERVED (DATE.

—_— ) (J POTENTIAL O ALLEGED
. WARRATIVE LESCRIPTION
'_l
01 O O CONTAMINATION OF SEWERS. STORM DRAINS, WWTPs 02 0 OBSERVED (DATE. ) C POTENTIAL O ALLEGED
04 NARRATIVE DESCRPTION ‘
i
. T P. WLEGAL/UNAUTHORIZED DUMPING 02 O OBSERVED {DATE: ) 0 POTENTIAL O ALLEGED
NARRATIVE DESCRPTION :

! l
! DESCRIPTION OF ANY OTHER KNOWN, POTENTIAL, OR ALLEGED HAZARDS

|

. TOTAL POPULATION POTENTIALLY AFFECTED:

COMMENTS .
Ig no tile Tnformation 1s available for this address under any of the
three names (Monsanto,Polychrome,Yardville Plant),but it is listed in
khardt Report as an industrial LF,I recommend a}site investigation

determine the quality of the present operation's facility and propedt

. SOURCES OF INFORMATION ¢Cae LOPCHR 118rEncEt. 8§, Lieis 100s £6MOM Sriry s, 1800M)

ikhardt Report- P. 236 See Attached

ilonu 2070-12(7-81)
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Department of Geological Sciences
University of British Columbia
Vancouver, British Columbia

John A. Cherry

Department of Earth Sciences
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29 Physical Properties and Principles | Ch. 2
Table 2.2 Range of Values of Hydrauiic Conductivity
and Permeability
Rocks Unc:nsonc'mred k * K 1. ¢ K
BPOSTS _ (darcy) (cm®) (cm/s) (m/s) (gal/day/tt%)
| A
[- 10 10 r 10 [‘ | .
10
1obio* Fiot ko kot T
H 108
l l ‘ S F10Y Lio8 kg 1072
e = ' . - 104
$3 o l L102 11078 Lot k1073
23 5
Eo b 7 4 I 103
=3 § F1O Fi107 1072 L0
582, 2 2
— Qx Q | 10
228 ?,’, - -1078 11073 F 1078
TS w
, a 2 E > 10
.?egl = F107 L1007 107 Lioe
- L 2 -
385F¢ 5, 1072 10" L1078 Lo
Q QE“V', o o -
'E €83 = -3 -1 -6 -8 - 107"
[ z°E B -107 107" 107 F10
i = | -4 -12 -7 -9 [ 1072
| = F10™° 107 L1077 R 10
o 2
558 -5 1 ) o F107°
| | 235 F107° 10 1078 Fio
° o8 L o4
982 | 25 10 L0 Lo ko [
S2Q | Sg
2£¢, ' L o8
35832 l F1077 L1078 L1070 [ 10712
E53% 1078
3o -8 L,~6 A1 Lig3 [
g° | ~107 =107 L0 H10
l L 1077
Table 2.3 Conversion Factors for Permeability
and Hydraulic Conductivity Units
Permeability, k® Hydraulic conductivity, X
cmi ft2 darcy m/s ft/s U.S. gal/day/f2
cmi 1 1.08 x 10-? 1.01 x 10 9.80 x 102 3.22 x 103 1.85 x 10°
fi2 9.29 x 102 1 9.42 x 1010 9.11 x 103 2.99 x 108 1.71 x 1012
darcy 9.87 x 10~? 1.06 x 10-11 1 9.66 x 10-¢ 3.17 x 1078 1.82 x 10!
mis 1.02 x 10-3 1.10 x 10~ 1.04 x 103 1 3.28 2.12 x 108
fiss 3.11 x 10-¢ 3.35 x 10~7 3.15 x 104 3.05 x 10! 1 6.46 x 10%
US. gal/day/ft:5.42 x 10710  5.83 x 1013 549 x 10-2 472 x 10~7  1.55 x 106 1

*To obtain & in ft2, multiply & in cm? by 1.08 x 103,
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ENVIRONMENTAL CONSULTING & MANAGEMENT

ROUX ASSOCIATES INC

d 1222 FOREST PARKWAY, SUITE 190

WEST DEPTFORD, NEW JERSEY 08066 609 423-8800 FAX 609 423-3220

June 21, 1991

Mr. Anthony Bonasera

NUS Corporation

1090 King Georges Post Road
Suite 1103

Edison, New Jersey 08837

Re: Polychrome Corporation Facility
Yardville, New Jersey
ECRA Case No. 86122

Dear Mr. Bonasera:

Enclosed please find the information you requested during your site visit at the above-
mentioned facility on June 5, 1991. The following information has been included as
Attachments 1, 2, and 3, respectively:

® Phase III ground-water results

* Depth-to-water measurements collected on site between January 1991 and
February 1991 and analysis of the on site flow

* Site history of the Yardville facility between 1961 and 1982

The first two above items are, of course, work performed by ENVIRON Corporation or

Polychrome Corporation.

Based on your discussion with Ms. Jo Hanson from Monsanto Corporation on June 6,
1991 excerpts from ENVIRON Corporation’s Phase III Sampling Plan Results Report
pertinent to the ground water are attached. Because of the volume, the raw laboratory data
were not included. If you require the raw data, please let me know and I will make a
copy for your files.

A site history concerning the manufacturing/operations between 1961 and 1982 is included.
Site operation information between the years of 1982 to the present should be obtained
directly from Polychrome Corporation.

Based upon the review of all the site activities conducted to date under the ECRA
program, no further action is believed to be appropriate or warranted for the site.
Pursuant to ECRA, all areas of concern have been delineated and have been or will be

appropriately remediated. The concentrations of volatile organic compounds in MW-4 are
documented to be decreasing rapidly.

MO06618J.1.10 6.91
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Mr. Anthony Bonasera
June 21, 1991
Page 2 of 2

If you need further information or have any questions, please feel free to contact me at

(609) 423-8800 or Ms. Jo Hanson at (314) 694-6127.

| Singerely,

' \

\TL N J‘\/‘\/\/‘(J' _\/\:X/\k
L. Sherrerd Steele, P.G.
Senior Hydrogeologist/Project Manager

LSS/vvf
Enclosures

cc: Ms. Jo Hansen (Monsanto)

Mr. Steve Krchma (Monsanto)
Ms. Carol Surgens (Jones, Day, Reavis & Pogue)

ROUX ASSOCIATES INC

MO06618J.1.10 6.91



ATTACHMENT 1
PHASE III GROUND-WATER RESULTS

(Excerpts from ENVIRON Corporation’s
Phase III Sampling Plan Results Report)

. ROUX ASSOCIATES INC

MO06618J.1.10 6.91
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PRESENTATION OF THE PHASE III SAMPLING
PLAN RESULTS FOR THE FORMER
POLYCHROME CORPORATION FACILITY IN
YARDVILLE, NEW JERSEY

ECRA Case No. 86122

Volume I of I

Submitted to the
New Jersey Department of Environmental Protection
on behalf of
Polychrome Corporation

Prepared by

ENVIRON Corporation
210 Carnegie Center -
Suite 201
Princeton, New Jersey 08540

November 1990
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Polychrome Corporation, Yardville, NJ
ECRA Case No. 86122

L. INTRODUCTION

A. History of ECRA Compliance

Polychrome Corporation ("Polychrome") entered into an Agreement of Sale with
Herbert Krumsick on December 18, 1985, and thereafter signed an Administrative Consent |
Order (ACO) that governs potential cleanup of its former Yardville facility ("the site")
under the Environmental Cleanup Responsibility Act (ECRA). Subsequently, Mr.
Krumsick sold the facility to the Hillman Group, the current owner of the site.

Polychrome submitted a General Information Submission (GIS) and a Site Evaluation
Submission (SES) to the New Jersey Department of Environmental Protection (NJDEP) on
February 18, 1986. A review of Polychrome’s activities at this facility indicated that it was
unnecessary to submit a plan for sampling other than an investigation of the integrity of an
underground fuel oil storage tank. The subsequent Petro-Tite® test indicated a net volume
change exceeding 0.05 gallons in an hour. A monitoring well was installed subsequently in
the presumed downgradient direction proximate to the tank, which was situated partially
below the water table. Soil samples were collected during the well installation, and a
ground water sample was obtained after the well had been developed and had stabilized.

In a May 5, 1986 letter to Edward Hogan, Esq. of Lowenstein, Sandler, et al. (counsel for
Polychrome), NJDEP requested that a Sampling Plan be submitted to address potential
contamination relating to the underground tank. After subsequent discussions with NJDEP
personnel regarding additional sampling requirements, a Sampling Plan was submitted on
July 15, 1986. The resuits from the soil and ground water sampling at the underground
tank were submitted as an addendum on September 26, 1986.

The assigned NJDEP Case Manager, Michael Metlitz, requested a site inspection of the
building interior, which occurred on February 3, 1987. The remainder of the property was
inspected on March 3, 1987. The March 27, 1987 Report of Inspection from the NJDEP,
which indicated a number of required actions, was followed by a June 10, 1987 letter to
Carol Surgens, Esq., also of Lowenstein, Sandler et al,, commenting on the July 15, 1986
Sampling Plan and restating the requirements in the Report of Inspection.
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Polychrome Corporation, Yardville, NJ
ECRA Case No. 86122 :

A Revised Sampling Plan, which was designed to investigate the nature and extent of
soil contamination' as requested in the Report of Inspection, was submitted on July 20,
1987, with an accompanying cover letter addressing issues raised by NJDEP correspondence
of March 27 and June 10. The Revised Sampling Plan identified 14 areas of environmental
concern (AECs) based on site history prior to Polychrome’s ownership and occupancy,
results of the site inspections, and NJDEP comments. The locations of the AECs, which
are briefly described in Table 1, are shown on Plate 1. Detailed descriptions of the AECs
can be found in the Revised Sampling Plan, which was conditionally approved by NJDEP in
a June 3, 1988 letter that also identified two additional AECs. Implementation of this plan
on August 1 and 2, 1988, involved the collection of a total of 30 soil samples from 12
borings and a storm sewer catch basin; one water sample from a sump; and two pipe
insulation samples from the boiler room. Results of this sampling, including a Phase II
Sampling Plan and Cleanup Plan, were submitted to NJDEP in September 1988. In
November 1988, ENVIRON completed five hand auger borings in the wooded portion of
the property. Results of this sampling were discussed in an addendum to the above report
submitted in January 1989. '

For this report, "contamination" is defined as concentrations of a particular
substance exceeding informal NJDEP-established ECRA cleanup guidelines for soil
or ground water (Table 2). ENVIRON is using these guidelines to simplify
presentation and interpretation of sampling results, and neither ENVIRON nor
Polychrome suggests or concurs that these cleanup guidelines are the appropriate
basis for a site cleanup. Polychrome specifically reserves any and all rights with
respect to the establishment of appropriate remediation, if any, on a site specific
basis pursuant to NJ.A.C. 7:26B-11.1. ,
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Polychrome Corporation, Yardville, NJ

ECRA Case No. 86122

TABLE 1
Areas of Environmental Concern
Area of
Environmental _
Concern Description

1 Soil in vicinity of dumpster which formerly contained
PCB-contaminated material. '

2 Soil in vicinity of north edge of parking lot, in former disposal
site of absorbent materials.

3 Soil adjacent to former drum storage pad.

4 Soil in vicinity of underground fuel oil storage tank.

5 Soil in vicinity of railroad tracks.

6 Soil in a circular zone of distressed vegetation north of the
facility.

7 Soil adjacent to a trench located in the wooded area north of
the facility.

8 Soil in area of distressed vegetation and debris in area
bordering eastern edge of parking lot.

9 Soil in area of distressed vegetation adjacent to propane tanks.

10 Trench which runs along the southern end of the building.

11 Soil adjacent to water tank.

12 Sediments in the storm sewer catch basin.

13 Damaged pipe insulation in boiler room.

14 Sump located adjacent to transformer enclosure.

15 Small depression located in wooded portion of site.

16 Small depression located in wooded portion of site.

609A:PAADOSFA. W51
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TABLE 2
NJDEP Informal ECRA Action Levels for Soil and Ground Water
Parameter Soil Ground Water
Total Petroleum Hydrocarbons (TPHCs) 100 ppm 1,000 ppb
Priority Pollutants:
Acid Extractable Organics (AEs) Case-by-case S0 ppb
Base/Neutral Extractable
Organics (BNs) 10 ppm Case-by-case
Pesticides Case-by-case Case-by-case
Polychlorinated Biphenyis (PCBs) 1-5 ppm 0.001 ppb
Volatile Organics (VOCs) 1 ppm Case-by-case
Phenols Case-by-case 3,500 ppb
Cyanide (CN) 12 ppm 200 ppb
Priority Pollutant Metals (PPMs)
Antimony (Sb) 10 ppm NA
Arsenic (As) 20 ppm 50 ppb
Beryllium (Be) 1 ppm NA
Cadmium (Cd) 3 ppm 10 ppb
Chromium (Cr) - Total 75 ppm 50 ppb
Chromium (Cr6+) 10 ppm NA
Copper (Cu) 170 ppm 1,000 ppb
Lead (Pb) 250-1,000 ppm 50 ppb
Mercury (Hg) 1 ppm 2 ppb
Nickel (Ni) 100 ppm NA
Selenium (Se) 4 ppm 10 ppb
Silver (Ag) 5 ppm 50 ppb
Thailium (T1) 5 ppm NA
Zinc (Zn) 350 ppm 5,000 ppb
Polycyclic Aromatic Hydrocarbons (PAHs) 10 ppm 50 ppb

ppm: Parts per million (mg/kg)
ppb: Parts per billion (ug/1)
NA : Not available
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The Phase I sampling program identified total petroleum hydrocarbon (TPHC) and

‘cadmium contamination in AECs 1 and 5, volatile organic compound (VOC) and

base/neutral extractable organic (BN) contamination in AEC 2, and elevated cadmium
concentrations in all areas in the wooded portion of the site. In addition, soils underlying
the interior trench were found to contain elevated levels of TPHCs, cadmium, arsenic,
phenols, VOCs, and polychlorinated biphenyls (PCBs). Concentrations of parameters
exceeding informal ECRA cleanup guidelines are shown on Plate 2.

Based on these results and previous observations in AECs 2, 4, and 11, ENVIRON
proposed remediation in these areas. In addition, ENVIRON proposed additional sampling
in AEC 1 and in thelw‘ooded area to confirm Phase I results. The NJDEDP, in its October
12, 1989 conditional approval letter, responded to the September 1988 results report and
January 1989 addendum, indicating that although the proposed soil sampling was generally
acceptable, three monitoring wells should be installed to document ground water quality
downgradient of the railroad siding. |

ENVIRON implemented the NJDEP-amended Phase II sampling plan in December
1989 and January 1990, completing three monitoring wells, three hollow-stem auger borings,
and six hand auger borings. Also, soils were excavated from AECs 2, 4, 10, 11 and 12.

Results of this sampling program, submitted to NJDEP in a March 1990 report,
indicated that (1) soil remediation in AECs 2, 4, 11 and 12 has fully addressed the
contamination formerly present in those areas; (2) soil contamination was still present in
AEC 10; (3) elevated cadmium levels are not present in the wooded portion of the facility;
and (4) chiorinated VOCs are present in MW4, the downgradient monitoring well. The
March 1990 report included a proposal for installation of two additional monitoring wells,
six soil borings in and around the interior floor trench in AEC 10 and one confirmatory
sample from AEC 2.

NJDEP conditionally approved this Plan in an August 20, 1990 letter to Carol Surgens,
Esq. of Jones, Day, Reavis & Pogue, attorneys for Polychrome Corporation and authorized
agent in this ECRA proceeding. In that letter, NJDEP indicated that the no further action
proposals for AECs 4, 6, 7, 11, 15 and 16 were acceptable without condition. The

- additional monitoring well installation, and confirmatory sampling in AEC 2 were approved,

with minor additions to the analytical parameters. NJDEP also stated that further sampling

was required in AECs 1 and 10, and requested documentation regarding conditions in
AEGs §, 12, 13 and 14.

Polychrome responded to a number of these issues in an October 5, 1990 letter to Ms
Sharon Bruder, NJDEP Case Manager, from Mr. William Kraft of ENVIRON. This letter,
provided as Appendix A, indicated that Polychrome would augment its sampling program to

-5-
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include the additional sampling requirements for ground water and AEC 10 but that it did
not believe that further action was warranted in AECs 1, S, 12 and 14. ENVIRON
concluded that existing sampling data demonstrates that these areas are no longer of
concern and respectfully requested that NJDEP provide technical justification for requiring
further investigation of these AECs. Lastly, Polychrome indicated that although sampling
would be conducted in AEC 2 to verify the absence of acetone, the required analysis for
freon in this sample was inappropriate. No NJDEP response to the October 5, 1990 letter
has been received to date. : ‘

ENVIRON implemented the remainder of the Phase III sampling program on October
8 and 9, 1990, installing two monitoring wells as proposed and three additional soil borings
in the interior floor trench in AEC 10 as recommended by NJDEP in its August 20 letter.
Also, ENVIRON collected a confirmatory soil sample from AEC 2 to document acetone
levels near a previous post-excavation sampling location.

B. Purpose and Scope

In this report ENVIRON presents the results from implementation of the Phase I
Sampling Plan. The report discusses the methodologies used to collect samples, presents
site-specific hydrogeological and analytical results of soil and ground water sampling,
interprets these results in terms of the informal ECRA cleanup guidelines, and finally,
recommends further action to satisfy ECRA requirements.
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using an OVA so that worst case locations from two of the borings could be analyzed
for VOC+15. This screening indicated that the surface sample from Boring 1010
exhibited the greatest OVA response during this sampling program. Thus, this sample
was analyzed for the expanded set of analyses. The OVA screening also suggested that
the deep sample from Boring 1011 had the highest VOC level in that boring. However,
since field observations (i.e., soil discoloration and odor) suggested that the surface
sample from that boring was most contaminated, that sample was analyzed for the
expanded parameter list.

B. Monitoring Well Installation and Sampling

As-proposed in the March 1990 Phase III Sampling Plan, ENVIRON installed two
additional monitoring wells to investigate the extent of chlorinated VOCs, and to investigate
if a potential source for these constituents could be identified. The actual locations of
these wells are shown on Plate 1; the wells were surveyed by James M. Stewart, Inc.,
professional land surveyors. Both wells were drilled on October 8, 1990 by a driller on the
staff of J.E. Fritts & Associates using hollow-stem augers. The wells were completed to
depths of 10 and 15 feet, the depth of the Merchantville Clay. These wells were
constructed per current NJDEP specifications for wells monitoring unconsolidated
formations. Appendix B includes geologic logs and construction specifications for these
wells,

These wells were developed on October 9 using a submersible pump and manual
bailing. Each well was developed for at least one hour, during which water clarity
improved significantly.

All six monitoring wells were sampled on October 23 by AnalytiKEM, Inc. using
dedicated, laboratory-prepared, Teflon bailers. Prior to sampling, each well was purged of
at least three well volumes, unless the well purged dry, and allowed to recover within two
feet of static water level before sampling. As proposed, each well was analyzed for
VOC+15. In addition, as required in NJDEP’s August 20 conditional approval, MWS was
analyzed for BN+ 15, PCBs and TDS.
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TABLE 3
Actual Sampling Locations and Analyses
Sampling | Type and Number of Samples Analyses
Location with Sampling Depths!
—_—_———
MW1.- Ground Water Samples VOC+15
MW4, :
MWé
MWS Ground Water Sample VOC+15, BN+ 15, PCBs, TDS
609A:PAAOOG6FA. W51

Notes: Depths are measured from warehouse floor

TPHCs:
PCBs:
VOC+15s:
TDS:
BN+ 15:
As:

Cd:

Total Petroleum Hydrocarbons

Polychlorinated Biphenyls

Volatile Organic Compounds plus the next highest 15 peaks
Total Dissolved Solids

Base/Neutral Extractable Organics plus the next highest 15 peaks
Arsenic

Cadmium

-11-
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C. Quality Assurance/Quality Control

1. Decontamination Procedures

Following completion of each soil boring in AEC 10, all sainpling equipment was
decontaminated using NJDEP-approved methodologies. Sampling equipment was first
washed with an Alconox solution, then rinsed with deionized water. The equipment
was then rinsed with acetone, allowed to air dry, then rinsed again with deionized
water. Sampling equipment used to obtain samples for As and Cd analyses was also
rinsed with 10% nitric acid.

2. Field and Trip Blanks _

To monitor the effectiveness of field decontamination procedures, one field blank
was collected from a decontaminated split-spoon sampler, and analyzed for TPHCs,
PCBs, VOC+ 15, phenols, As and Cd. In addition, to document the effectiveness of
laboratory decontamination procedures, a field blank was collected from a laboratory-
prepared Teflon® bailer and analyzed for VOC+ 15, PCBs and BN +15. In addition, a
trip blank accompanied the sampling team during the ground water sampling and was

analyzed for VOC+15. Laboratory-prepared deionized water was used for all of these
samples.

-12-
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II. GEOLOGIC AND HYDROGEOLOGIC FINDINGS

A. Site Geology and Setting

The Polychrome Corporation facility is located in the Coastal Plain Physiographic
Province in an area where Wisconsin-age stratified drift is the surficial deposit. The
underlying formation is the Merchantville Clay, a black, glauconitic micaceous clay that is
50 to 60 feet thick. This formation rests disconformably on the Magothy Formation, which
is composed of fine white sands and clays, with characteristic carbonized wood. The -
Raritan Formation underlies the Magothy, but is geologically similar; thus, the two
formations are often referred to as one formation.

Ground surface elevations typically range from 60 to 100 feet above mean sea level.
Surface water drainage is generally to the northwest, by a stream partially following the
railroad siding. The small stream discharges into Back Creek to the north. This creek
flows west to the Crosswicks Creek system, which flows southwest into the Delaware River.
Approximately half of the property has been developed for industrial use. The remainder is
wooded, with moderate to dense undergrowth.

The predominant sediment types at this facility are an orange-brown silty clay, often
with gray mottles and gravel or sand, and a medium to coarse sand with up to 50%
subrounded gravel. The graveily sand is frequently interbedded with minor beds of fine
silty sand. Black clayey silt is encountered at depths of 8 to 10 feet, beneath which is a
gray-brown sandy silt. Geologic logs for the two wells recently installed at the site are
provided in Appendix B.

B. Regional Hydrogeology

The Polychrome facility is located in an area underlain by the Magothy and Raritan
Formations, the principal aquifer system used for drinking and industrial waters in the
region. The coarse, well sorted sand lenses of the Raritan are particularly important for
water supply purposes. These formations are isolated hydraulically from the surficial
aquifer by the regionally extensive Merchantville Clay.

During the Phase IT sampling program, ENVIRON completed a search of wells within
one-half mile of the Polychrome site, including well locations from the NJGS Case Index
and water withdrawal points as provided by the Bureau of Water Allocation. No wells were

-13-
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identified within this radius; the nearest water withdrawal point in the downgradient
direction is more than three miles from the site.

C. Site Hydrogeology

The six monitoring wells at this site are completed in a dense, sandy silt with minor
amounts of clay, typical of the glacial stratified drift present at the surface throughout much
of the region. These wells are screened above a micaceous silt layer encountered at 8 to 10
feet below grade, likely the upper surface of the Merchantville Clay Formation. Ground
water elevations were measured at the six wells on October 23 and November 12, 1990.
Table 4 provides elevations collected at these times. The October 23 and November 12
data are shown on Figures 1 and 2 respectively. As these data indicate, the direction of
ground water flow is to the north-northeast to east, with a gradient of about 0.005 feet/foot.

It is likely that the monitoring wells at this site are screened across the entire saturated
thickness of the surficial aquifer. The Merchantville Clay was encountered during drilling
of each well. The bottom of the well screen was set at the surface of the clay. It is also
probable that this aquifer discharges to the nearest surface water body, Back Creek, located
approximately 1000 feet northeast of the downgradient property boundary. This creek flows
west, then south, emptying into Gropp Lake in Yardville.

These ground water elevation data indicate that the direction of flow varies from
north-northeast in the portion of the site beneath the warehouse to east in the area west of
the warehouse. Flow direction beneath paved areas may be affected by local recharge from
two adjoining unpaved areas: the grass area bordering Route 130 and the railroad siding.
Despite these localized variations, overall ground water flow is toward Back Creek.
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TABLE 4
Ground Water Elevations
Monitoring ‘ Date and Ground Water Elevation
Well
¢ October 23 l November 12

_—_—

MW1 57.47 59.12

MW2 59.92 60.08

MW3 58.91 58.03

MWw4 55.74 55.75

MWS 55.87 55.70

MWé 53.49 53.42
609A:PAAOOSFA. W51
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~ Page 9

Analytical Results

Volatile Organics

Parameter

Chloromethane
Bromomethane

Vinyl Chloride
Chloroethane _
Methylene Chloride
1,1-Dichloroethene

1,1-Dichloroethane
trans-1,2-Dichloroethene
Chloroform
1,2-Dichloroethane
1,1,1-Trichloroethane

Carbon Tetrachloride
Bromodichloromethane
1,2-Dichloropropane
trans=1,3-Dichloropropene
Trichloroethene

Dibromochloromethane
1,1,2-Trichloroethane
Benzene
¢is-1,3-Dichloropropene
2-Chloroethyl Vinyl Ether

Bromoform
Tetrachloroethene
1,1,2,2-Tetrachloroethane
Toluene

Chlorobenzene

Ethylbenzene
m-Xylene
o,p~Xylene

Units

Method

- Blank

10
10
10
10
1.0
10

o aac

10
10
10
10
10

ccaocaca

10
10
10
10
10

ccCcacaac

10
10
10

ccacaa

10

10
10
10
10
10

ccaacca

10 U
10 U
10 U

(ug/1)

- AnailytiKEmMm

Sample Designation

A23042-1 A23042-2

609A-MWO3 609A-MW02

Gwo2 GW02
10 U 10 U
10 U 10 U
10 U 10 U
10 U 10 U
2.4 7 0.97 J
10 U 10 u
10 U 10 u
io0 U 10 U
10 U 10 U
10 U 10 U
10 U 10 U
10 U 10 U
10 U 10 U
10 U 10 U
10 U 10 19)
10 U 10 U
10 U 10 8)
10 U 10 4)
10 U 10 U
10 U 10 U
10 U 10 §)
10 U 10 u
10 U 10 U
10 U 10 U
10 U 10 U
10 U 10 U
10 " U 10 U
10 U 10 U
10 U 10 8]
(ug/1) (ug/1)

A23042-3
609A-MW04

Gw02

10
10
10
10
1.1
10

Lo aacaac

10 U
35
10
i0
7.0

waa

10
10
10
10
18

ccaaq

10
10
10
10
10

caccocaa

o .

10
89
10
10
10

c

10 U
10 U
10 U

(ug/l)
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Analytical Results (Cont'd)

Volatile Organics

Parameter

Chloromethane
Bromomethane

Vinyl Chloride
Chloroethane
Methylene Chloride
1,1-Dichloroethene

1,1-Dichloroethane
trans-1,2-Dichloroethene
Chloroform
1,2-Dichloroethane
1,1,1-Trichloroethane

Carbon Tetrachloride
Bromodichloromethane
1,2-Dichloropropane
trans-1,3-Dichloropropene
Trichloroethene

Dibromochloromethane
1,1,2-Trichloroethane
Benzene
cis-1,3-Dichloropropene
2-Chloroethyl Vinyl Ether

Bromoform
Tetrachloroethene
1,1,2,2-Tetrachloroethane
Toluene

Chlorobenzene

Ethylbenzene
m—Xylene
o,p-Xylene

Units

AnalytiKEM

Sample Designation

A23042-4 A23042-5 A23042-6 A23042-7
Method 609A-MW06 609A-MWOS 609A-FB 609A-TR
Blank GWO1 GWO1l 901023 901023
10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 0]
10 U 10 U 10 U 10 U 10 U
1.07J 1.2 J 1.2 J 5.1 J 3.8J
10 U 10 U 11 10 U 10 U
10 0] 10 U 12 10 U 10 u
10 U 10 0] 10 U 10 U 10 U
10 3] 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U
10 9] 14 10 8] 10 U 10 §f
10 U 10 9] 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 8 10 U
10 U 10 U 10 4] 10 U 10 U
10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 9] 10 U
10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U
10 4] 10 U 10 u- 10 U 10 U
10 U 4.1 7 10 U 0.91 3J 10 U
10 U 10 U 10 U 1.2 J 10 U
10 U 10 U 10 4] 1.3 J 10 U
10 9) 10 $) 10 U 1.5 J 10 U
10 u 10 3) 10 U 1.1 J 10 u
10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U
(ug/l) (ug/1) (ug/1) (ug/l) (ug/l)



POV

Analytical Results (Cont'd) AnalytiKEM
Semivolatile Organics-Base/Neutrals Sample Designation
A23042-5
Method 609A~-MWOS5

Parameter Blank GWO1
N-Nitrosodimethylamine 10 U 10 U
Bis(2-chloroethyl) Ether 10 U 10 U
1,3-Dichlorobenzene 10 U 10 U
1,4-Dichlorobenzene 10 U 10 U
1,2-Dichlorobenzene 10 U 10 U
Bis(2-chloroisopropyl) Ether 10 U 10 U
N-Nitrosodipropylamine 10 U 10 U
Hexachloroethane 10 4] 10 U
Nitrobenzene ' 10 4] 10 U
Isophorone 23 10 U
Bis(2-chloroethoxy)methane 10 U 10 U
1,2,4-Trichlorobenzene 10 U 10 U
Naphthalene 10 U ’ 10 U
Hexachlorobutadiene 10 U 10 U
Hexachlorocyclopentadiene 10 u 10 U
2-Chloronaphthalene 10 U 10 U
Dimethyl Phthalate 10 U 10 U
Acenaphthylene 10 U 10 U
Acenaphthene 10 U 10 U
2,4-Dinitrotoluene 10 U 10 U
2,6-Dinitrotoluene _ 10 U 10 U
Diethyl Phthalate 10 U 10 U
4-Chlorophenyl Phenyl Ether 10 U 10 U
Fluorene 10 U 10 U
N-Nitrosodiphenylamine 5.6 J 10 U
4-Bromophenyl Phenyl Ether 10 U 10 U
Hexachlorobenzene 10 U 10 U
Phenanthrene ’ 10 U 10 U
Anthracene 10 U 10 u
Dibutyl Phthalate 10 U 10 U
Fluoranthene ' 10 U 10 U
Benzidine 100 U 100 U
Pyrene 10 U 10 U
Butylbenzyl Phthalate 10 U 10 U
3,3'-Dichlorobenzidine 20 U 20 U
Benzo(a)anthracene 10 U 10 U
Bis(2-ethylhexyl) Phthalate 10 U 5.1 17
Chrysene 10 u 10 U
Dioctyl Phthalate 10 U 10 U
Benzo(b)fluoranthene 10 U© 10 U
Benzo(k)fluoranthene : 10 U 10 U
Benzo(a)pyrene 10 U 10 U
Indeno(1,2,3-cd)pyrene 10 U 10 U
Dibenzo(a,h)anthracene 10 U 10 U
Benzo(g,h,i)perylene 10 U 10 U
Units (ug/1) (ug/l)
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VIII. Analytical Results (Cont'd)
'EPA/NIH/NBS Nontargetted Library Search
No nontargetted compounds were detected in the following samples:
Semivolatile Method Blank
A23042-7 609A-TB~901023
Volatile
AnalytiKEM Designation Method Blank
Estimated |
Scan Concentration |
CAS Number Compound Name Fraction Number (ug/l) '
1,1,2-Trichloro-
76=-13-1 1,2,2-trifluorcethane VOA 337 4.9
AnalytiKEM Designation A23042-1
Client Designation 609A-MW03-GW02
Estimated
Scan Concentration
CAS Number _ Compound Name Fraction Number (ug/1)
1,1,2-Trichloro-
76=13~1 1,2,2-trifluoroethane VOA 343 3.7
AnalytiKEM Designation A23042-2
Client Designation 609A-MW02-GWO02
1 Estimated
Scan Concentration
CAS Number Compound Name Fraction Number (ug/1)
1,1,2-Trichloro-
76-13-1 1,2,2-trifluorcethane VOA 337 3.6

Note: Estimated concentration is calculated against the nearest eluting internal
standard.
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AnaiytiKeEmM
, VIII. Analytical Results (Cont'd)
l EPA/NIH/NBS Nontargetted Library Search
AnalytiKEM Designation A23042-3
I Client Designation 609A-MW04-GWO2
. Estimated
Scan Concentration :
CAS Number Compound Name Fraction Number (ug/1) !
l‘ 67=-64-1 2-Propanone (Acetone) VOA 184 120
5 1,1,2-Trichloro- i
76=-13-1 1,2,2-trifluoroethane VOA 342 3.4 !
l AnalytiKEM Designation A23042-4
I Client Designation 609A-MW06-GWO!
Estimated |
Scan Concentration
I CAS Number Compound Name Fraction Number " !(ug/l1) i
1
!
67-64-1 2-Propanone (Acetone) VOA 173 4,100 * !
l AnalytiKEM Designation A23042-5
Client Designation 609A-MWO5-GWOl
l Estimated
Scan Concentration
l CAS Number Compound Name Fraction Number (ug/1)
None Detected VOA — —
I Unknown Compound BN 286 21
Unknown Compound BN 1546 5.0 J
I AnalytiKEM Designation A23042-6
l - Client Designation 609A-FB-901023
Estimated
Scan Concentration
l CAS Number Compound Name Fraction Number (ug/1)
67-64~1 2-Propanone (Acetone) VOA 184 3,700 *
I Note: Estimated concentration is calculated against the nearest eluting internal
standard.
l * Results obtained from rerun due to saturation in original run.
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Analytical Results (Cont'd)

Polychlorinated Biphenyls

Parameter

Aroclor 1016
Aroclor 1221
Aroclor 1232
Aroclor 1242
Aroclor 1248
Aroclor 1254
Aroclor 1260

Units

General Chemistry

Parameter

Sample Designation

Method
Blank

10
10
10
10
10
10
10

ccCcaccaacca

(ug/l)

Total Dissolved Solids.

Units

A23042-5
609A-MWOS
GWO1
10U
10U
10U
100
10U
10U
10U
(ug/1)
Sample Designation
A23042-5
Method 609A-MWOS
Blank GWO1l
10,000 U 170,000
(ug/1) (ug/1)

AnalytiKEmM
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Analytical Results (Cont'd)

Field Data

1 x Volume

Sample Designation

A23042-1
A23042-2
A23042-3
A23042-4
A23042-5

609A-MW03-GWO02
609A-MW02-GW02
609A~-MW04-GW02
609A-MW06-GWO1
609A-MWO5-GWO1

Sample.Designation

A23042-1
A23042-2
A23042-3
A23042-4
A23042-5

609A-MW03-GWO02
609A-MW02-GW02
609A-MW04-GWO2
609A-MW06-GWO1
609A-MW05-GWO1

2 x Volume

Sample Designation

A23042-1
A23042-2
A23042-3
A23042-4
A23042-5

609A-MW03-GWO02
609A-MW02-GW02
609A-MW04-GW02
609A~-MW06~GWO1
609A-MWOS5-GWO1

3 x Volume

Sample Designation

A23042-1
A23042-2
A23042-3
A23042-4
A23042-5

609A=MW03-GWO02
609A-MWO02~GW02
609A-MWO04-GWO2
609A-MW06-GWO 1
609A-MWOS-GWO1

AnalytiKEM
Parameter
Conducti#ity,
pH, units umhog/cm @ 25°C Temperature, °C
5.22 210 17.7
4.58 130 18.4
5.42 150 18.2
5.61 155 16.8
5.29 245 18.4
Parameter
Depth to Water Depth to Bottom
from TOC, feet from TOC, feet
3.05 13.16
8.24 17.08
9.27 11.64
10.40 12.17
7.71 14.21
Parameter
Conductivity,
pH, units umhos/cm @ 25°C Temperature, °C
5.47 220 17.2
4.95 140 17.9
5.50 290 18.2
Parameter
Conductivity,
pH, units umhos/cm @ 25°C Temperature, °C
5.80 225 16.7
5.31 150 17.7
5.47 110 18.0
5.46 120 17.3
5.38 220 18.8
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D. Ground Water :

Monitoring wells (MWs) 2 through 6 were analyzed for VOC + 15, and MWS5 was aiso
analyzed for PCBs, BN +15 and TDS. PCBs and BNs were not detected at MW5. VOCs
were not detected at MWs 2 and 3, confirming the January 1990 results. Concentrations of
all compounds identified at MWs 4, 5 and 6 are provided on Figure 3. A field blank and
trip blank were collected during the ground water sampling and analyzed for VOC+15.

These data indicate that low levels of VOCs are present at MWs S and 6 where the
total concentrations of VOCs were 23 and 18 ppb, respectively. In addition, the total
concentration of the four VOCs at MW4 was 149 ppb, a marked decrease from the 398 ppb
of the same four VOCs detected at this well in January 1990.

The data from MWS5 indicate that the soils beneath the trench are not having a
significant impact on ground water quality. First, PCBs and BNs were not found in ground
water at MWS35 nor was a sheen observed on the water surface during sampling of MWS.
Second, none of the VOCs present in AEC 10 were identified at MWS, although the VOCs
detected at MWS may be degradation products of the PCE and TCA present in AEC 10.
Continued monitoring is recommended at MWS, as discussed below, to confirm the above
conclusion.

Of the VOCs detected at MW4, only TCA and PCE were detected at MW6, which was
installed downgradient of MW4. Thus, trichloroethene (TCE) and trans-1,2-dichloroethene,
also present at MW4 have not migrated to MW6. Furthermore, the concentrations of
VOCs at MW6 are well below those at MW4, and below to minimally above method
detection limits, indicating that VOCs have not migrated off-site.

The data from MWs 4 and 6 indicate that contamination at the site is migrating very
slowly from MW4 to MW6 and is most likely confined to the site. In addition, these data
demonstrate that the level of contamination evident in MW4 is decreasing very rapidly, thus
suggesting that MW4 was likely installed proximate to the source of these VOCs. The
absence of these VOCs at MWS5, completed upgradient of MW4, supports the contention
that MW4 was installed proximate to the source area. A likely source of these VOCs is
AEC 2, where sorbent material had been observed during an NJDEP inspection in January
1982 during Monsanto’s ownership of the site. According to NJDEP’s spill report, a sample
of this material was collected by NJDEP and analyzed. A Notice of Violation and Offer of
Settlement sent to the Monsanto Company in March 1982 regarding the discharge of this
material indicated that TCE, toluene and xylene were present in the material. Thus,
discharges of VOCs had occurred in AEC 2, and may have impacted ground water.
ENVIRON remediated AEC 2, addressing any residual VOC levels in soils possibly
contributing to the VOC levels at MW4. The substantial decline in VOC levels at MW4
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between the January 1990 and October 1990 sampling rounds further suggests that the
source area has been addressed fully. Given the fact that the surficial aquifer system is not
used as a source of drinking water and that the well search discussed in the March 1990
report indicated that the closest water withdrawal point to the site is more than three miles
away, ENVIRON does not believe that ground water remediation is warranted. This _
conclusion is supported by the minimal saturated thickness of the surficial aquifer system,
the relatively impermeable soils in the vicinity of MW4 and the relatively flat hydraulic
gradient which collectively indicate that VOCs are unlikely to migrate to a significant
extent. Conversely, the VOC data and hydrogeological information suggest that VOCs in
the vicinity of MW4 are being degraded by natural biological or other physical/chemical
mechanisms. ENVIRON believes that continued monitoring of VOC levels at MWs 4, 5
and 6 will confirm this conclusion. This sampling is proposed below in Section V.

In addition to these targeted VOCs, the forward library search identified acetone in
three samples: the ground water samples for MWs 4 and 6, and the field blank. Since the
concentration of acetone in the field blank, 3,700 ppb, is comparable to the level at MWS,
4,100 ppb, and well above the level at MW4, 120 ppb, ENVIRON believes that the
presence of acetone is attributable to laboratory contamination. The absence of acetone
from the first sample from MW4 supports this conclusion.

E. Quality Assurance/Quality Control

Methylene chloride was detected at estimated concentrations of 5.1 ppb and 3.8 ppb in
the field and trip blanks, respectively. Since the estimated concentration of methylene
chloride in the ground water saniples were lower, between 0.91 and 2.4 ppb, ENVIRON
concluded that the presence of methylene chloride in these samples is attributable to
laboratory contamination.

Several other targeted VOCs were detected in the field blanks at estimated
concentrations below the method detection limits. PCE was identified at an estimated
concentration of 0.91 ppb, a level well below that in the ground water samples from MWs 4
and 6. 1,1,2.2-tetrachloroethane was detected at an estimated level of 1.2 ppb, likely as a
result of laboratory contamination. Last, several aromatic hydrocarbons — ethylbenzene
chlorobenzene and toluene - were detected at estimated concentrations between 1.1 and
1.5 ppb. The presence of these constituents is possibly related to automobile exhaust from
vehicles operating on-site near the sampling team while the field blank was collected. The
presence of nontargeted VOCs in the field blank is discussed above in the section
evaluating the ground water results.
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Polychrome Corporation, Yardville, NJ
ECRA Case No. 86122

performed on all samples to identify those samples with elevated TPHC concentrations, but
without PCB contamination. Those samples with elevated TPHC levels will then be
analyzed for BN +15 to enable ENVIRON to evaluate remediation alternatives. A
maximum of 25% of the total sample volume will be analyzed for BN +15. Analyses for As,
Cd and phenols, previously conducted in this AEC, are not proposed since the October
1990 soil data demonstrate that these compounds are not present at levels exceeding
informal ECRA cleanup guidelines. Table 6 summarizes the proposed sampling depths and
analyses.

B. Ground Water

ENVIRON proposes to collect an additional round of ground water samples for VOC
analysis from MWs 4, 5 and 6 for several reasons. First, this sampling will confirm the
results of the first round of ground water sampling at MWs S and 6. Second, a third set of
data from MW4 will be used to further document that VOC levels are decreasing rapidly at
this location, supporting the no-further-action approach. ENVIRON does not believe that
additional sampling of MWs 2 and 3 is necessary since the January and October 1990 data
confirm that VOCs are not present at these locations.

0609A:PAAOOGFA. W51



Polychrome Corporation, Yardviile, NJ
ECRA Case No. 86122

TABLE 6

Proposed Additional Sampling
Locations and Analyses

Sampling Type and Number of Samples
Location and Proposed Depths Analyses
1012-1024 Hollow-Stem Auger Borings TPHCs, PCBs,
3 feet from 2 Soil Samples VOCGCs
trench o 2.0-4.0 feet! 25% BN+15°
e 8.0-8.5 feet
MWs 4, 5 and 6 Ground Water Samples VOCs

1

depth closest to the sampling location.

2

Note: TPHCs: Total Petroleum Hydrocarbons
PCBs: Polychlorinated Biphenyis
VOCs: Volatile Organic Compounds

Sample to be collected from a six-inch interval within this range based on the trench

A maximum of 25% of the total sample volume to be analyzed for BN+ 15

BN+15:  Base/Neutral Extractable plus the next highest 15 peaks

0609A:PAAOOSFA. W51
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Polychrome , Yardville , NJ

Boring No. 1003

Geologic Log

0.0 - 0.5 Concrete and crushed-stone fill
0.5 - 9.0' Yellow-beige to light brown, moderately dense, dry, moderately
sorted, sandy silt, clayey at 3 to &'
9.0 - 9.5 Dark gray to black, dense, dry, silty clay
Dri i at
Drilling Method: Hollow-stem Auger
Rig: CME-45
Drilling Company: Empire Soils Investigations, Inc.
Date Drilled: April 20, 1990
Plugging Material: Grout
S Spo
Split Spoon No Depth —Blow Counts Hammer Recovery
1 0 - 2.0 bgs 0, 9, 2, 2 140 1b 4"
2 3.5 - 5.5' bgs 2, 1, 4, 5 140 1b 12"
3 5.3 - 7.5' bgs 6, 8, 7,10 140 1b 20"
4 7.5 - 9.5' bgs 3, 5, 7, 8 140 1b 24"
S les Co
Sample ID No. Date Analyses Depth
609A-1003-SB01 4/20/90 TPHC, PCB 0.5 - 1.0
609A-1003-SB02 4/20/90 TPHC, PCB 4.0 - 4.5
609A-1003-SB03 4/20/90 TPHC, PCB 8.5 - 9.0

609A: PAAOOBDA.W51/111990



Polychrome . — ., Yardville , NJ

Boring No. 1004

Geologic Log
0.0 - 1.0 Concrete and crushed-stone fill
1.0 - 1.2 Orange, loose, dry, moderately sorted,. silty medium-sand
1.2 - 10.5" Light brown to brown, moderately dense, dry, clayey silc to
: silty clay containing small, rounded pebbles
10.5 - 10.9' Dark gray, dense, dry, moderately sorted, silty clay
D Spec catjo
Drilling Method: Hollow-stem Auger
Rig: CME-45
Drilling Company: Empire Soils Investigations, Inc.
Date Drilled: April 20, 1990
Plugging Material: Grout
Split Spoons
Split Spoon No, Depth | —Blow Countg Hammerx Recovery
1 1.0 - 3.0' bgs 12, 8, 10, 10 140 1b 16"
2 3.0 - 5.0' bgs 12, 7, 8, 7 140 1b 12"
3 5.0 - 7.0' bgs 4, 4, 7, 8 140 1b 18"
4 7.0 - 9.0' bgs 10, 12, 17, 19 140 1b 24"
S 9.0 - 11.0' bgs 0, 10, 11, 13 140 1b 22"
Samples Collected
Sample ID No, Dage Analyses Depth
609A-1004-SB01 4/20/90 TPHC, PCB 1.0 - 1.5
609A-1004-SB02 4/20/90 . TPHC, PCB 5.5 - 6.0
609A-1004-SB03 4/20/90 TPHC, PCB 10.0 - 10.5°
609A: PAAOOBDA . WS1/111990
2.



Polychrome , Yardville , NJ

Boring No. 1005

Geologic Log

0.0 - 0.5 Concrete and crushed-stone fill

0.5 - 3.0 Yellow-beige, moderately dense, dry, poorly sorted, sandy and
clayey silt to clayey sand

3.0 - 7.5 Light brown and light gray, moderately dense, dry, moderately
sorted, clayey silt

D e atioc
Drilling Method: Hollow-stem Auger
Rig: CME-45
Drilling Company: Empire Soils Investigations, Inc.
Date Drilled: April 20, 1990
Plugging Material: Grout .
Selit Spoons
Split Spoon No, Depth ——DBlow Countg Hagmer Recovery
1 0.0 - 2.0' bgs 0, 7, 9,11 140 1b 18"
2 2.0 - 4.0' bgs 10, 11, 10, 9 140 1b 18"
3 4.0 - 6.0' bgs 7, 6, 4, 8 140 1b 6"
4 6.0 - 8.0' bgs 12, 11, 10, 11 140 1b 18"
sSamples Collected
sample ID No, Rate Analyses Depth
609A-1005-SBO1 4/20/90 TPHC, PCB 1.0 - 1.5
609A-1005-SB02 4/20/90 TPHC, PCB 3.0 - 3.5
609A-1005-SB03 4/20/90 TPHC, PCB 6.0 - 6.5
609A: PAAOOBDA.W51/111990
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Polychrome ., Yardville , NJ

Boring No. 1006

Geologic Log

0.0 - 0.5 Concrete and crushed-stone fill
0.5 - 2.0 Yellow-beige, moderately dense, dry, poorly sorted, clayey
and sandy silt
2.0 - 2.8 Yellow, moderately dense, dry, moderately sorted silty medium
sand
2.8 - 7.3 Light brown, demnse, dry, moderately sorted, clayey silt
D Spec a
Drilling Method: Hollow-stem Auger
Rig: CME-45
Drilling Company: Empire Soils Investigations, Inc.
Date Drilled: April 20, 1990
Plugging Material: Grout
) ._Spoo
S Spoo Depth —Blow Counts Hagmmer Recovery
1 .0 - 2.0' bgs o, 7,11, 15 140 1b 12"
2 .0 - 4.0' bgs 14, 11, 7, 9 140 1b 18"
3 .0 - 6.0' bgs 6, 5, 6, 7 140 1b 8"
4 .0 - 8.0' bgs 9, 5, 5, 7 140 1b 15"
sSamples Collected
Sample ID No, Date Analyses Repth
609A-1006-SBO1 4/20/90 TPHC, PCB 1.0 - 1.5
609A-1006-SB02 4/20/90 TPHC, PCB 3.0 - 3.5
609A-1006-SB03 4/20/90 TPHC, PCB - 6.0 - 6.5'

609A: PAAOOSDA.W51/111990



Polychrome , Yardville , NJ

Boring No. 1007

Geologic Log

0.0 - 0.5 Concrete and crushed-stone fill
0.5 - 2.0 Yellow, moderately loose, dry, moderately sorted, sandy silt
2.0 - 3.3 Yellow-beige, moderately dense, dry, moderately sorted, silty
medium sand
3.3 - 3.8 Light gray, dense, dry, moderately sorted, silty clay
3.8 - 7.5 Light brown, moderately dense, dry, moderately sorted, silty
clay to clayey silt
D ec n
Drilling Method: Hollow-stem Auger
Rig: CME-45
Drilling Company: Empire Soils Investigations, Inc.
Date Drilled: April 20, 1990
Plugging Material: Grout
S t 00
Split Spoon No. Depth ——Blow Countg Hagmer Recovery
1 0.0 - 2.0' bgs 0, 26, 18, 24 140 1b 12"
2 2.0 - 4.0' bgs 26, 16, 15, 17 140 1b 18"
3 4.0 - 6.0' bgs 3, 6, 6, 5 140 1b 12"
4 6.0 - 8.0' bgs 7, 6, 7, 9 140 1b 18"
Samples Collected
Sample ID No, Date Analyses Repth
609A-1007-5B01 4/20/90 TPHC, PCB 1.0 - 1.5
609A-1007 - SBO2 4/20/90 TPHC, PCB 3.0 - 3.5
609A-1007-SBO3 4/20/90 TPHC, PCB 6.0 - 6.5

609A: PAADOSDA.W51/111990
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Polychrome

Yardville , NJ

Boring No. 1008

Geologic Log

0.0 - 0.5 Concrete and crushed-stone fill
0.5 - 3.5 Yellow-orange, méderately dense, dry, moderately sorted,
silty medium sand
3.5 - 4.3 Light brown, moderately dense, dry, moderately sorted, sandy
silt
4.3 - 7.2 Light brown and light gray, moderately dense, dry, moderately
sorted, silty clay to clayéy silt
Dri ng Speci at
Drilling Method: Hollow-stem Auger
Rig: CME-45
Drilling Company: Empire Soils Investigations, Inc.
Date Drilled: April 20, 1990
"Plugging Material: Grout
Split Spoons
Split Spoon No, Depth —Blow Counts Hammer Recovery
1 1.0 - 3.0' bgs 12, 8, 10, 10 140 1b 16"
2 3.0 - 5.0' bgs 12, 7, 8, 7 140 1b 12"
-3 5.0 - 7.0' bgs 4, 4, 7, 8 140 1b 18"
4 7.0 - 9.0' bgs 10, 12, 17, 19" 140 1b 24"
5 9.0 - 11.0" bgs 0, 10, 11, 13 140 1b 22"
Samples Collected
Sample ID No, Date Apalyses Repch
609A-1008-SB01 4/20/90 TPHC, PCB 1.0 - 1.5
609A-1008-SB02 4/20/90 TPHC, PCB 5.5 - 6.0
609A-1008-SB03 4/20/90 = TPHC, PCB 10.0 - 10.5'

609A: PAAOOSDA.WS1/111990



Polychrome R

Boring No. 1009

Geologic log

0.0 - 1.5

1.5 - 2.0

2.0 - 2.1

2.1 - 4.8

4.8 - 8.0
Drilli e ca

Drilling Method:

Rig:

Drilling Company:

Date Drilled:

Yardville

Open trench

Concrete lining

Brown fine sand fill, discolored

Gray silt with minor clay and fine sand, moist

Light gray and orange-brown mottled, very fine silty sand

Continuous split spoon

Mobil B-61

J.E. Fritts & Associates, Inc.

October 9, 1990

Plugging Material: Cuttings

S S ns

Split Spoon No, Depth _Blow Counts
1 2.0 - 4.0' bgs 8, 5, 6, 6
2 4.0 - 6.0' bgs 8, 12, 15, 11
3 6.0 - 8.0' bgs 11, 8, 5, 5

Sagples Collected
Sample ID No, ‘Date Apalyges
609A-1009-SB01 10/9/90 TPHC, PCB
609A-1009-SB02 10/9/90 TPHC, PCB
609A-1009-5B03 10/9/90 TPHC, PCB

609A: PAAOOSDA.WS1/111990
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Hammex Recovery
140 1b 10"
140 1b 18"
140 1b 18"

Depth

2.0 - 2.5

5.5 - 6.0°

7.5 - 8.0’



Polychrome , Yardville , NJ

Boring No. 1010

Geologic lLog

0.0 - 2.2 Open trench
2.2 - 2.7 Concrete lining
2.7 - 3.8 Coarse orange-brown gravelly sand, chemical odor
3.8 - 7.3 Greenish-gray silty clay with vegetative matter grading to
dark orange-brown at 5 feet
7.3 - 8.5 Dense gray-brown clayey silt with small roots
D i e tio
Drilling Method: Continuous split spoon
Rig: Mobil B-61
Drilling Company: J.E. Fritts & Associates, Inc.
Date Drilled: October 9, 1990
Plugging Material: Cuttings
S t S
Split Spoom No, Depth ——Blow Counts Hagmex Recovery
1 2.5 - 4.0' bgs 27, 21, 13 140 1b 18"
2 4.5 - 6.5' bgs 8, 10, 11, 10 140 1b 24"
3 6.5 - 8.5' bgs 8, 5, 6, 6 140 1b 24"
Samples Collected
Sample ID No, Date Analvges Depth
609A-1010-SBO1 10/9/90 TPHC, PCB, VOC+15, As, Cd, phenols 2.5 - 3.0
609A-1010-SB02 10/9/90 TPHC, PCB : 6.0 - 6.5
609A-1010-SB0O3 10/9/90 TPHC, PCB 8.0 - 8.5

609A:PAAOOSDA.W51/111990



Polychrome , Yardville , NJ

Boring No. 1011

0.0 - 3.5 Open trench
3.5 - 4.0 Concrete lining
4.0 - 5.2 Medium to coarse orange-brown gravelly sand, moist, with
chemical odor
5.2 - 8.5 Greenish-gray clayey silt grading to orange-brown and gray
mottled clayey silt
8.5 - 9.5 Gray-brown clayey silt, wet
Drilling Specifications
Drilling Method: Continuous split spoon
Rig: Mobil B-61
Drilling Company: J.E. Fritts & Associates, Inc.
Date Drilled:. October 9, 1990
Plugging Material: Cuttings
Split Spoon No, Depth Blow Counts Haomer Recovery
1 4.0 - 5.5' bgs 18, 12, 20 140 1b 8"
2 5.5 - 7.5' bgs 10, 11, 10, 11 140 1b 24"
3 7.5 - 9.5' bgs 4, 3, 4, 5 140 1b 16"
Samples Collected

imla_lm.m‘ Analyvses

:

609A-1011-SB01 10/9/90  TPHC, PCB, VOC+15, As, Cd, phenols 4.0 - 4.5
609A-1011-SB02 10/9/90 TPHC, PCB 6.0 - 6.5°'
609A-1011-SB03 10/9/90 TPHC, PCB 8.0 - 8.5°

609A: PAAODSDA . W51
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(One form must be completed for each well)
Name of Permittee: : —Polychrome Corpeoration
Name of Facility: __Polychrome Corporation
Location: + 286 Route 130, Yardville, Mercer County
: NJ 08691

NJPDES Permit No.: NA
Well Permit Number (As assigned by NJDEP's Well

Drilling Permits Section (609-984-6831): 248-26385-5
Owner's Well Number (As shown on the

application or plans): _MWS
Well Completion Date: 10/8/90
Distance from Top of Casing (cap off) to

Ground Surface (one-hundredth of a foot): 2.06
Total Depth of Well (one-hundredth of a

foot): 14,21
Depth to Top of Screen from Top of Casing

(one-hundredth of a foot): 4,21
Screen length (feet): 10
Screen or Slot Size: No. 10 slot
Screen or Slot Material: PVC
Casing Material (PVC, Steel or Other-Specify): Eve
Casing Diameter (inches): - 4

Static Water Level from Top of Casing at the
Time of Installation (one-hundredth of a

foot): 2.71
Yield (gallons per minute): <1
Length of Time Well Pumped or Bailed 1 _Hour
Lithologic Log: Attach

I certify under penalty of law that, whers applicable, I meet the requirements
as specified on the reverse of this page, that I have personally examined and
an familiar with the information submitted in this document and all
attachments, and that, based on my inquiry of those individuals immediately
responsible for obtaining the information, I believe the submitted information
is true, accurate and complete. I am aware that there are significant
penalties for submitting false information, including the possibility of fine

and imprisomment. N
, , .
Robert Maier iAo L7 A2 it
Nane (Type or Print) Signature
J1470
Certification or License No. SEAL

Certification by Executive Officer or Duly Authorized Representative
. ) J‘ ¢ .

Name (Type of Print) Signature

ﬁs&dﬁLCmd_edj.\t /1 /40
Title I Ipate

609A:PAADCS14 . WSL




TAIS FORM MUST BE COMPLETED BY THE PERMITTEE OR IS

[HER AGENT

-LOCATION CERTIFICATION

GROUND WATER MONIT

Name of Permittee:

ORING WELL CERTIFICATION-FORM B

Oolychi-eme (n r—onrr.-‘("ian

Name of Facilitys:

o/chreome YA X2 anio.al
=xd_ Anote A0, Vardw/lt,/\mgl

Location:

NJPDES Permit No: A 14
T

LAND SURVEYOR'S CERTIFICATION

Well Permit Number (As assigned by NJDEP's
Water Allocation Section, (609-984-6831):
This number must be permanently affixed to

the well casing.

e-tenth of a second):
Latitude (one teath of a second):
Elevation of Top of Casing (cap off)

(one-hundredth of a foot):
Qwner's Well Number (As shown on the

application or plans):

Longitude (on

AUTHENTICATION

1 certify under penalt
familiar with the information submi
attachments, and that, based on my inqu
smmediately responsible for obtaining th
submitted information is true,
there are significant penalties
including the possibility of fin

4

o S

y of law that 1 have perso

accurate and com
for submitting false information,

e and imprisonment.

PROFESSIONAL LAND SURVEY

R'S SIGNATURE

James M, StewarL
PROFESSIONAL LAND SURVEYOR'S NAME
(Please print or type)

26108

PROFESSIONAL LAND SURVEYOR'S LICENSE

The Department reserves th
specified ground water limits

accuracy of one-hundredth of a secon

shall not be consi

7065A/020190

e right in cases
or Ground Wa

dered to be a major mod

262352

2%-

74°39'18.726"
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- - - T
(One form must be completed for each well)

Name of Permittee: —_Polychrome Corporation
Name of Facility: " —Polychrome Corporation
Location: - —_384 Route 130, Yardville, Mercer County
NJ 08691

NJIPDES Permit No.: NA
CERTIFICATION
Well Permit Number (As assigned by NJDEP's Well

Drilling Permits Section (609-984-6831): 48-2638¢6-13
Owner's Well Number (As shown on the

application or plans): _MW6
Well Completion Date: ' 10/8/90
Distance from Top of Casing (cap off) to

Ground Surface ‘(one-hundredth of a foot): 3.27
Total Depth of Well (one-hundredth of a

foot): 12.17
Depth to Top of Screen from Top of Casing

(one-hundredth of a foot): .17
Screen length (feet): 2
Screen or Slot Size: No, 10 slot
Screen or Slot Material: pve
Casing Material (PVC, Steel or Other-Specify): PvC
Casing Diameter (inches): 4

Static Water Level from Top of Casing at the
Time of Installation (one-hundredth of a

foot): 10.40
Yield (gallons per minute): <1
Length of Time Well Pumped or Bailed 1 _Hour
Lithologic Log: Attach
AUTHENTICATION

I certify under penAlty of law that, where applicable, I meet the requirements

as specified on the reverss of this page, that I have personally examined and
am familiar with the information submitted in this document and all
attachments, and that, based on my inquiry of those individuals immediately

responsible for obtaining the information, I believe the submitted information

is true, accurate and complets. I am awvare that there are significant
penalties for submitting false i{nformationm, inecluding the possibility of fine
and imprisonment.

P
Robert Maier Sty T 50,
Name (Type or Print) Signature
J1470
Certification or License No. SEAL

Certification by Executive Officer or Duly Authorized Representative

Williaon 0, Kire e mﬁﬂaﬁr
Name (Type of Print) Signature

SSOci ' AT Ts)
Title [ Ibate
609A: PAADOSLA . WSY



THIS FORM MUST BE COMPLETED BY THE PERMITTEE QR HIS/HER AGENT

FICATION-FORM B-LOCATION CERTIFICATION

UND WATER MONITORING WELL CERTI

GRO
Name of Permittee: po\vthrmmé (m—ncr-n‘(:?cn
L g e - I \
Name of Facility: 2R A€ N
Location: TxY Apute 120 Varg o (e O ekl
NJPDES Permit No: N /4 - ’
T .

LAND SURVEYOR'S CERTIFICATION
Well Permit Number (As assigned by NJDEP's

ES L 0 .262F 6D

Water Allocation Section, (609-984
This number must be permanently affixed to

the well casing.
74°39'18.372"

Longitude (one-tenth of a second): West
latitude (one tenth of a second)? North L0 11 23.737
Elevation of Top of Casing (cap off)

63.89

(one-hundredth of a foot):
Owner's Well Number (As shown on the
MW-6

application or plans):

penalty of law that I have personally examined and am
he information submitted in this document and all
attachments, and that, based on my inquiry of those individuals
for obtaining the information, I believe the
I am aware that

immediately responsible

submitted information is true, accurate and complete.

there are significant penalties for submitting false information,
including the possibility of fine and imprisonment. )

A 4

w -
PROFESSIONAL LAND SURVEYOR'S SIGNATURE

AUTHENTICATION
I certify under
familiar with t

It
PROFESSIONAL LAND SURVEYOR'S NAME
(Please print Or type)

26108
PROFESSIONAL LAND SURVEYOR'S LICENSE

The Department reserves the right in cases of violation of porit!
specified ground water 1imits or Ground Water Qualiry stauwis’
(N.J.A.C. 7:9-6.1 et seq.) to require that wells be resurv--
accuracy of one-hundredth of a second latitude and longitude. ibes
shall not be considered to be a major modification of the NJPDES permit.

7065A/020190



ATTACHMENT 2

GROUND-WATER ELEVATIONS AND
ANALYSIS OF FLOW

(Information Provided by Ms. Carol Surgens of
Jones, Day, Reavis & Pogue to Roux Associates, Inc.
on June 11, 1991)

ROUX ASSOCIATES INC MO06618J.1.10 6.91



ATTACHMENT 2

Carol Surgens, Esq., counsel for Polychrome, informed ENVIRON of the verbal
comments she received from Ms. Sharon Bruder, NJDEP Case Manager, regarding
ENVIRON’s characterization of ground water flow in its November 1990 Phase III
results report for Polychrome’s former Yardville facility. Specifically, NJDEP required
three additional rounds of ground water elevation data for the site to 1) confirm that
MWS5 monitors ground water quality downgradient of the interior trench in AEC 10, and
2) confirm that MW6 is downgradient of MW4. These elevation measurements were to
be taken no less than two weeks apart and were to be plotted and contoured before
submission to NJDEP. The analysis and interpretation of these ground water elevation
data and this attachment were prepared with the assistance of Dr. M. Farrukh Mohsen, a
Senior Science Advisor with ENVIRON. Dr. Mohsen has extensive experience in the
development and application of numerical models to simulate contaminant transport in

- ground water.

ENVIRON collected three sets of elevation measurements on January 22, February
5 and February 19, 1991 as provided on Table 1. These three rounds of elevations in
general confirm that ground water flow is to the northeast. However, these
measurements also indicate that the elevation at MWS5 is anomalously low, consistent
with the October and November 1990 elevations measurements presented in the
November 1990 results report. In order to assess the extent and impact of this apparent
anomaly, ENVIRON analyzed the ground water elevation data using FEPER, an
ENVIRON-developed finite element perspective program. The attached figures provide
the ground water elevations at each of the six monitoring wells and linearly interpolated
elevation contours over triangles as derived from FEPER. As the figures indicate, the
regional ground water flow generally is to northeast with a localized area of more
easterly flow adjacent to the building.

ENVIRON submits that this apparent flow anomaly is caused by low recharge in the
vicinity of MWS because this well is installed adjacent to the building and in the main
paved parking area. No other well at this site is installed through pavement. The
pavement near MWS5 prevents direct recharge to ground water from rainstorm events
resulting in ground water elevations at MWS5 lower than anticipated based on the
northeastern regional ground water flow. This results in an area of easterly flow as
indicated on the attached figures. Since the ground water elevations at MWS5 are

consistently lower than would be expected, ENVIRON believes that the data support the
above conclusion.




TABLE 1
Ground Water Elevations
(above mean sea level)
Date and Elevation
Monitoring Well January 22 February § February 19
MW1 59.58 59.77 59.81
MWw2 61.34 60.99 60.89
MWwW3 60.04 60.03 59.91
Mw4 5843 . 57.69 57.36
MWS5 57.14 56.98 ' 56.70
MW6 57.27 56.45 56.12

ENVIRON also submits that these ground water elevations demonstrate that MWS5
does monitor ground water quality downgradient of the interior trench. The flow
variation discussed above does not affect ground water flow beneath the trench; ground
water flow in this area is to the northeast, the regional flow direction. Thus, MWS5
monitors ground water migrating from beneath the trench. ENVIRON’s analysis of
ground water flow also confirms that MW6 is downgradient of MW4. Ground water flow
in this portion of the site is in the regional northeast direction.

These elevation data support ENVIRON’s conclusions in the November 1990 Phase
IIT results report with respect to the distribution of VOCs in groundwater at this site.
Minimal VOC concentrations were detected at MWS, which these. elevation data
demonstrate monitors ground water quality downgradient of AEC 10. Accordingly,
ENVIRON submits that VOC data from MWS5 sufficiently characterize ground water
quality downgradient of AEC 10, further supporting ENVIRON’s previous conclusion
that the soils beneath the interior trench have not resulted in significant ground water
contamination, as stated in the November 1990 results report.

Additionally, the elevation data are consistent with the conclusion, as stated in the
November 1990 results report, that the source of VOCs at MWs 4 and 6 is most likely
AEC 2, the former site of a spill of solvent-contaminated absorbent material during
Monsanto Company’s ownership of the facility. ENVIRON remediated this area in
January 1990. Furthermore, VOCs detected at MW4 likely have not migrated off-site
given the substantial decrease in VOC concentrations from MW4 to MW6 and ground
water flow from MW4 to MW6.

0609A:PAA0107A. W51



NI NI B EN BN SN BN BN NN BN BN BN BN BN S Mm Bm Em Em

r

\ndergiourd i

TN A A A b N A ,‘»\,.fj‘

LQ
DO
60 'y 60 125 180
. —( ]
Scote In Feet
607
2
BGOY AEC 16
- —— =~ —— Proparty Boondary
160
——»—— Fence
Wooded Areo i/ —H—— Ruiraos
e Cresk
i N U DDA |
Wooded Area /  Buiding
B + . mj Area of Enwwonmental Concern

Areu Ot Ercavotion

| 303 [ Exisling Monitoring Well
7 .
L AL 9 2y - Soil Boring
2 %
Warehouse | o Sutace Wotw Sample
s ) ® Post-Excovation Sample
" 57.27
. Propane Tank L L ) Grab Sompte
| 54" —— Ground Woter Elevation Contour
0 in Feel Above Mean Seq Levet
| 2 - round Woter Elevation
{—‘4 . 5349 T R e Lo
N .
038.
53.4 I
7 AEC 2
4 Wooded Areq
4o PLovgl a8’
agc s | ..;/ : Paved Area
(11
7% .
7 - P . - - -
%2 e -
VA 44 s o Post-Escavotion Sampling Locutions
7 , . "// Pr In AEC 10
© B0.04 - '
SUN ot S
o 3% See Enjofgement Above for
o 424 Post-Excatution Sompimy tucations ws 5 7 I 4_ | 1002-PEDS
| 1907 1008 :
b o AW% aE¢ 19 2 i 1001-PE02  1002-PEOT
O 7 - oy
o I S mn oo N joo-re0> 1002}PEOs
5 2% 1003 3T} 1002-PE03
3 —f 2471 R
1] AEC 13 Paved Area |oov|%oz‘m°m‘ 1002- PEO2
" ] AEC 1 o1 Fvi}mz - .
g : / o 1.4 N y
e @ e
3 18 otfice  |_._| | S~
@ i Tronstorm “\Woter
o “Silo I\ +7 Cooling |
\,(: Unit
<t Paved Area N\ ____
o _ \‘J
i 61 34 (@) 2 \
2t a7 60 89 3
“ 6 1 N 00
o s - = — e~ \

ENVIRON

\ :,‘,,.r.| in H;ullh md Enviranmaental Scienee

JANUARY 22,

19917
CORPORATION

Jarsey

POLYCHROME

vardville,

Hew

GROUND WATER ELEVATIONS AND CONTOURS

Figure
]




~ ) | ’ N

Undery ound
Tanw

acc T"iz’}’\'ﬁ: SV, o)

Nl 59

o1 ~—
a4l

/! woter
/

1t

e g 50 120 180
- - Y - _— -_— — _ i H JE ]
. Scake b Feal
1 </
B BCO? g
/ s
4 o ; AEC 7
i iﬁ%/ IR S IVLNSSLY, "E;‘B — ——— Praperty Boundary
| % 1601 ——tme Fence
—~4{-——~ Raltroad
. Wooded Area !
aEC 15 v Creek
Wooded Area / Building
. e
=5 o, —

R, P U N S NPV

V777777 Area ot Enviconmentol Concern
1

L

s

o

®

L3

\\
Area Of Evcovation
Existing Monitoring Weil
A | Soil Boring
1. Surface Water Sample
shouse
o ! Post~Excovation Sample
MWE
& 56 45 Grab Sample
54" Ground Water Elevation Contour
in Faet Above Meon Seq Lavet
L NEL : 53 49 Ground Water Elevotion
EC 7 : in Fect Above Mean Sea tevel
AEC 2 whil s /
ppygeos A Wooded Area
PEoVRL w201, PEOS LLLL
Paved Aren [®%02. peo2
- - - - 7 - - Post—Excovetlon Sompling Locotions
In AEC 10
o .
Sas Enforgement Above for 1002 P!
¢ Pos\-{>covation Sompling Locotions ‘asws 56 9 8 i 002-PLOS
A - - . 1001 - PEQ2 1002-PEOT
o 1010 L{& AEC 10 Y | 1001 -PEDS 1002{ PEO4
. [ Arg wssd ot s y Srdwiirpren erry) % .
5 TR R T o Toos {8 @io0i-reos AW} 1002-p€03
b3 1001-PEO4  1D02-PED2
1001 -PEOY
AEC 13 Paved Area
o AEC 1 mn@m: AfC 14
() o~
Ey A 1001
a - \ ) @
o 107/ Office S VN |
I e Sdlo Transformer - . water
L Sile 103 X 7\ Coching
©, ) I
£ aec 12 [Rloor Paved Area -
3 R A ‘ﬂ 1 \\
O Oy A “
5 60.99 fw ) A0 59 nQ
<) & o
- ARG S 20 .

€ N V I R O N FEBRUARY 5, 1991 GROUND WATER ELEVATIONS AND CONTOURS Figure
- - FOLYCHROME CORPORATION =

Connsel in Haolth .)n-iizr;r,}nﬂ\:zmqnh;l Seienee . -
\ vyl i lew




4

Undergouna

. Tonk —
50 &K ] o
DO o b

- E e o
FYXMI A1 A B
%
wrors /
AEC u”—d\)
TN (Waler

(w

- '/ 80 i 0 [ 1 8¢
, . \_) / , ™ -
/ 5 Scoie in Feut
./__,_.«,...~7: _ _ _ \ - - — - — - -
T 8002
s ~— == == Property Boundary
— e Fence
I o0 AES‘:B ~——if—— Railicod
1601 e Creek

: Buitding
Wooded Area P!

. : o 7 Area of Environmantal Concern
R N NP PN
- Wooderd Are r* { Area Of [acovalion

Existing Monitoring Well

T e A AL A A AR A A Sail Baring

Surtace Woter Sarmple

Post-Excavation Sample

\
o ® 0 » @

50
X AEC 9 X

3% A Sl Grab Somple

£ Warehouse . o | 54’ ——— Ground Woter Elevation Contour

in Feet Above Mean Sea Level

uwe 17
: £ 56.12 e Meen
Z Propane Tank §3.4Q  Ground Water Erevation
| Z \H H . in Feet Above Mecan Sea Level
é-. w
) o
e @L‘ p 2
4
4 - = P 8 .
Z = .
e 0050 fa |
’ el
iZ 1 4 ‘\Eﬁ"rwos % Wooded Area
A% / poigl a’{200. Pros
acc s | { 2 Paved Area 202, PEDZ //
2 L1
Vi ° Post-Ercuvotion Somplng Locations
| P
ﬂ{/ o n AEC 1D
27 i S - ~ -
3% / K
99 ;
60l 59.91
— < . 1002-PEOT
g 7 See Enl t Above for . 1001 -PEO2
s ! 7Y Poat-tecavon m;:mplnq Locotions Mws ~ 7 | . \ 1001-PE0S » |2 PEO4
- | ‘,’g? L4 . ] g EE®—} 1002-PE£03
S 51‘,\; e\l acc 10 | 1001-PEO+  1002~PEO2
o 7 R~ e T 1001-PEOY
) 2:}‘) 1003 1009 [ moz, o
= | EF - “
A4 “f" 1 Poved Area ~—
e} e AEC 1 1300 AEC \ 4
4 1 ® \ ; \ um (‘Li
a ] 4
3; E g) 108 Office N |
2 WA | iranstormer - \Water
. 5 ! p -
é%' Silo 3 ca;-lw \ i
I AEC 12 120t Paved Are
& 1SN = Y \\
A K BT ; A "
£ 60.89 |w \ v .
60 059 53 57
& ») O J
: g _ = — R

\

€ N V I R O N FEBRUARY 19, 1991 GROUND WATER ELEVATIONS AND CONTOURS Figure
POLYCHROME CORPORATION
Yardville, Mew Jersey

4

Connsel in Health and Eavicanmental Science

-




ATTACHMENT 3
SITE HISTORY BETWEEN 1961 AND 1982

(Provided by Ms. Jo Hanson of
Monsanto Company to Roux Associates, Inc.)

ROUX ASSOCIATES INC

MO06618J.1.10 6.91



POLYCHROME FACILITY
YARDVILLE, NEW JERSEY
Site History

This history covers only the years 1961 to 1982. For
information about activities at the site after early 1982,
contact Polychrome.

Mahony-Troast Construction Company owned several acres of
undeveloped land in the Yardville area. In 1961, Plax Corporation
purchased 16.4 acres from Mahony-Troast, who constructed the
existing building for Plax. Plax made plastic bottles by blow
molding. Monsanto was a minority stockholider in Plax.

In 1962, Monsanto bought out the remaining stock of Plax and
continued to run the bottle-blowing operation at Yardville. In 1965,
Monsanto bought an additional 7.34 acres from Mahony-Troast. Also,
sometime in the mid 1960s, the existing building was expanded to
make room for additional blow-molding equipment. In 1976, an
additional 0.41 acre was purchased from Mahony-Troast. (The legal
description of these three tracts is attached.) In 1981, the
equipment at Yardville was removed. The land and buildings were
sold to Polychrome in early 1982.

The process for blowing plastic bottles was not a chemical
operation. Plastic pellets were received from outside
manufacturers in railcars (occasionally by truck) and blown into
silos for storage. From the silos, the pellets were transferred to
the feed hoppers, through grinders and into the extruders. Electric
heat and the mechanical energy and pressure of the extrusion
process melted the pellets. - The meilted plastic was extruded into
molds and blown with air to the shape of the mold.

After being removed from the molds, the bottles were trimmed of
excess plastic, run through an open flame, packed in cartons, and
palletized for shipment. The flame treatment was needed to make
glue and/or ink stick to the surface. The flames were provided by
individual natural gas units at each production line. Propane was
used as a backup in cold weather (the facility had an interruptible
service contract with the gas utility) or other times when there was
an interruption in natural gas service. The bottles were air cooled.



Bottles were made in a variety of shapes and sizes. Some examples
of familiar products that they were used for are quart, half-gallon,
and gallon Clorox, Lux Dishwashing Liquid, and Aunt Jemima Pancake

‘Syrup. At times, there were also some lines which made smaller

bottles (such as pill bottles) by injection molding.

Except for a short time in the late 1960s when a small silk-
screening process was operated, no labels were printed or glued onto
the bottles at this facility.

The bottle-blowing and injection molding processes used no liquid
chemicals. If required, colors were added to the bottles by mixing
pellets which contained concentrated colors into the mixers at the
beginning of the process. When the mixed pellets were ground and
melted in the extruders, the colors blended to the desired shades.
The concentrated color pellets were prepared by outside vendors.
Dry powders were also occasionally added to the blends as slip
agents.

The process equipment used hydraulic fluids in the extruders and
mold heads. Various lubricants were also used in the turn tables,
conveyors, forks lifts, and other equipment.

From 1961 until 1965, the plant disposed of used machine oil by
putting it on the railroad tracks to control weeds. In 1965, the
ballast under the tracks was removed to a depth of 18" and replaced
with clean ballast. After 1965, used oil was collected in a tank
outside the maintenance shop and sold to reclaimers. A small
amount of oil continued to find its way to the tracks until 1973. In
early 1973, all oil flow to the tracks was stopped and the oil
stained ballast was replaced with new ballast.

Cooling water was pumped to the extruders from a cooling tower
outside the building and returned to a hot well through piping in the
trench which runs across one end of the building.

The maintenance shop used solvents for cleaning machine parts.
Small quantities of solvents were aiso used in the quality control
lab for wiping the surfaces of the bottles to test adhesion
properties and for other quality checks. Solvents were used as
carriers for the inks during the short period when the silk-screening
process was operated.



Changes were often made in the equipment. When a new size or
shape of bottle was made, the extruder heads, molds, and much of
the down-stream handling equipment had to be changed. Some runs
of a particular bottle lasted for many months or years, e.g., Clorox
bottles. Other runs were as short as a few hours. As newer, bigger,
or better equipment came on the market, whole machines and/or

lines were replaced. A rough sketch showing a typical layout of the

process is attached.



EXHIBIT A

o~
THIS INDENTURE, made this 2% day of February in the year of

our Lord one thousand nine Jundred and eighty-two BETWEEN MONSANTO
COMPANY, a Delaware Corporation (herein called the “Grantor“),
with an office at St. Louis, Missouri, party of the first part,
and POLYCHROME CORPORATION, a New York Corporaticn (herein called

.the "Crantee”), with an office at 137 Alexander Street., Yonkers,

New York 10702, party of the second part.

WITNESSETH, That the Grantor for and in consideration of the
sum of '
lawful money of the Unitad Statas of
Anerica. well and truly paid by the Grantse to the Grantor. at
and before the ensealing and doli.vcry of these presents, the
receipt vhereof is hereby acmvlcdch. has grantsd, bargained,
sold., aliened, enfecffud, rsleased. conveyed and confirmed, and
by these presents does grant, bargain, sell, alien, enfeoff,
Telesase, convey and confirm, unto the Grantsee. its succassors and

assigns

Thuldihed os MamAT

ALL TEOSE CERTAIN tracts or parcels of land situated in the,
County of Mercer and State of Nev Jersey, being known as Tax
Block Mumber 598, Lots Mumbered 41 and 44, and being mors par-
ticularly descrided as follows:

TMacT Wo. 1

BEGIMNING at a point in the northerly line of the
Yardville-Robbinsville Road, U.S. Route 130 (126 feet wide), said
point being marked by a concrste mopument at the southvesterly
corner of lands of Xdna Cleary, and runaing thence

(1) along the northerly line of U. S. Routs 130 South 60
degzrees 48 minutss 40 seconds West a distance of 690.00 feet to a
point, thencs

(2) MNorth 29 degrees ll minutes 20 seconds West along lands
remaining to Mahony-Troast Construction Company a distance of
1,035.00 feet to a point, t.!nne._ —

(3) North 60 degrees 48 minutss 40 seccnds Kast along lands
ramaining to Mahony~-TrIoast Comstruction Company a distancs of
690.00 fest to a point, thence

(4) South 29 degrees ll minutes 20 seconds East in part
along lands remaining to Mahony-Troast Construction Company and
in part along lands of Edna Cleary a distance of 1,035.00 fset to
the point and placs of BECINNING.

Containing 16.395 acTes of land.

The forsgoing description is in accordance with a survey
presparsd by Thomas Tyler Moore, N. J P.E. & L.S5. No. 9517, datsd
May 8, 1961.

Being the premises conveyed to Plax Corporation by Mahony-
Troast Conmstruction Company by deed dated May 19, 1961 and

vm 2182 » 138



recorded in the Office of the Clerk of Mercer County on May 25,
1961, in Book 1577 of Deeds for said County, page 584. .

SUBJECT TO (i) slope and drainage rights granted to the
State of New Jersey by deed recorded in Book 688, Page 362 and
(ii) any rights of way for public roads.

TRACT NO. 2

ALL THAT CERTAIN tract or parcel of land situatas in the
Township of Hamilton, County of Mercer and State of New Jersey,
being more particularly described as follows:

BEGINNING at a point in the northeasterly line of lands
conveyed by MAHONY=-TROAST CONSTURCTION COMPANY to PLAX CORPORA-
TION by deed dated May 19, 1961, recorded in the Mercer County
Clerk's office in deed book 1577 at page 584, said Beginning
point being 400.00 feet N. 29° l1' 20" West of the northwesterly
line of the Yardville=Robbinsville Rd. (U.S. Routs No. 130), and
running; thencs, .

(1) Along said northeasterly line of lands now or formerly
of Plax Corporation N. 29° 1l' 20" vest 635.00 feet to the north-
easterly corner of said lands now or formerly of Plax Corpora-
tion: thencs, ’

(2) Through lands of the Grantor N. 60° 48' 40" East 578.16
feet to a point in the Grantors eastsrly line and lands now or
formerly of Ettors Poli; thence,

(3) South 9° 01' 40" vest 69.25 feet along the Grantors
eastarly line to a point in said easterly line; thencs.

(4) South 21° 34' 20" East 585.89 feet along the Crantor's
easterly line to lands nowv or formerly of Edna Clasary; thence,

(S) South 60° 48' 40" West 457.50 feet to lands now or
formerly of Plax Corporatiocn and the point and placs of Beginning.

Being 7.34 acres of land.

Being the premises conveyesd to Monsanto Company by Mahony-
Troast & Construction Company by deed datsd March 12, 1965,
recorded, March 17, 1965 in the Mercer County Clerk's O0ffice in
Deed Book 1728 at page 890.

Being the 7.34 acTes shown on a survey by Myron X. Feld
N.J.P.E. & L.S. #6408 dated January 15, 1965, No. 12399=A, and
titled "Survey of Pramises of Mahony-Troast Comstruction Company
Boundary Line and Between Those Premises and Lands Owned by
Ettore Poli, in The Township of Hamilton, County of Merzcer, State
of New Jersey."

SUBJECT TO statutory and common lav flooding and drainage
rights, if any, in Back Creek.

TRACT MO. 3

BEGINNING at a point, said point being the northwvesterly
corner of lands of Georgia Pacific Corporation and froa said
BEGINNING point, running thence: .

(1) Through lands of Mahony-Troast Construction Company.
along the northerly prolongaticn of the westarly line of lands of
the aforsmentioned Georgia Pacific Corporation, North 06 degrees
14 minutes 20 seconds Last, 228.00 feet to a point, thence;
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(2) Continuing through lands of said Mahony-Troast Company,
the following two courses: South 83 degrees 45 minutes 40 seconds
Last, ¢40.00 feet tO a point, thencs:

(3) South 29 degrees ll minutes 20 seconds East, 162.60
feet to a point, in the northwesterly line of lands of Monsanto
Company, thence:

(4) Along the last mentioned lands, and along the north-
westerly line of lands of the aforesmentionsd Georgia Pacific
Corporation, South 60 degrees 48 minutes 40 seconds West, 164.76
feet tOo the point and place of BEGINNING.

Containing 0.412 acres.

BEING the premises conveyed to Monsanto Company by Mahony-
Troast Construction Company by deed dated June 22. 1976 recorded
November 5, 1976 in the Mercer County Clerk's office in Volumne
2029, Page 1378. . i

The above-described Tract No. 3 is subject to the following
easements: -

(1) A proposed 20-foot wide drainage easement the center-
line of which is more particularly described as follows:

BEGINNING at a point in the northerly line of lands of
Georgia=Pacific Corporation, said peint bearing along said
portherly lins. South 60 degrees 48 ainutss 40 seconds West,
52.25 feet from the northeasterly cormer of said lands of
Georgia-Pacific Corporatiocn, and running thence;

Through the above-described pramies, North 30 degrees 58
minutes 40 seconds East 104.85 feet %o a point in a vesterly line
of lands of Mahony-Troast Construction Company, said point bear-
ing along said lins., North 29 degrees 1l minutes 20 seconds West
22316 feet from a point and corner of ths last sentioned lands:

(2) A proposed 1S5-foot vide easamant for a railroad siding
the centerline of which is more particularly described as follovws:

BEGINNING at a point in ths northerly line of lands of
Georgia-Pacific Corporation, said point bearing along said
northerly line, South 60 degress 48 minutas 40 seconds west 7.76
fest frem the northeastarly corner of said lands of Georgia-
Pacific Corporation and running thance:

Through the above-described premises. North 14 degrees 40
ainutes 20 seccnds West 170.7 feet to & point in a southerly line
of lands of Mahony-Troast Construction Company, said point bearing
along said line North 83 degrsss 45 minutss 40 seconds West 4.5
feet frOm a point and corner of ths last mentioned lands.

SUBJECT TO any liens for real estate taxes and assessnents
not yet due and payable, to any stats of facts which a correct
survey or inspection of the preaises would show and to zoning.

TO HAVE AND TO HOLD the said estats, right, titls and
intsrest., if any, of the Grantor in said land and premises unto
the Grantse, its successors and\nssigns forever

IN WITNESS WHEREOF, the Grantor has caused its corporate
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seal to be hereto affixed and these presents to be duly executed
by its proper officers the day and year first above written.

d an ey i -'1".
egéivc OJticc: . /(
Attast:

( . R. Bldyy Jr.__-9°

Assistant Secretzry A

STATE OF MISSOURI ) .
sS.: o Lo

COUNTY OF ST. LOUIS ) IR
- ' T

- o
BE IT REMEMBERED, THAT ON THIS #7 DAY OF 7.di=ety ==,

1982, before ne, the lublc:ibor.' ‘a Notary Public, personmally - -t~
appeared John W. Hanley, the Chief Executive Officer of MONSANTO
COMPANY, who, I am satisfied, is ths poncn wvho executad the
foregoing instrument on bahalf of said corporation, and he there-
upon acknowiedged that he signed, sealed with the corporate seal
and dsliversd said instrumsnt u'ldch'pf!ica: and that said
instrument is the voluntary act and deed:of said corporation,
made by virtue of authority from its ‘Board of Dirsctors, and that
the full and actual consideratiocn peid or to be paid for the
transfer of title to the realty evidenced by the vithin deed as
such consideration is defined in P.L. 1968 c.49, Sec. l(c) is
$3,475,000.00.

-{).4,._ / ji(tt-—m
( 7

A ueu/ry Public of St. Louis
County, Missouri
My Commission EXpires:
—— - O — e . e——
Prepared by : ' AN C MUING
ade- BV RUBLK. STalr > wySOUR

q M
j ) THINC~ ENNEA
- T W OMmIN B e, pre DO 198T

Roy G. Cooper t o i
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